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PREFACE TO THE FIRST EDITION 

This small volume is intended for students of Geography, preparing for the 
Intermediate Examination of Indian Universities, where the subject of Map 
Work has been receiving increased attention during recent years. Map work 

forms the laboratory of the geography student. 

In compiling this book 1 have kept in view the limited knowledge of mathe¬ 
matics an average Intermediate student possesses- The syllabii of various 
Indian Universities vary ; portions not included in the Intermediate syllabus of 
the Punjab University are printed in small type. 

Useful exercises, some of which are selected from University Intermediate 
Examination Papers, are given at the end of each chapter. 

I claim no originality in preparing this book and, therefore, deserve no 
eulogies that this book may earn. I acknowledge with gratitude the help I have 
received from books mentioned in the Bibliography, 

March, 1938. P. D. 

PREFACE TO THE SECOND EDITION 

A major portion of the book has been re-written to bring it up to the 
requirements of the new syllabus in Map Work. One of the principal objects has 
been to treat the subject from a practical point of view. Minor rearrangements 
and important additions, which experience has shown to be desirable, have been 
made. 

Map Work has a wide field; it is because of its contact with surveying that 
the chapter on Field work has been retained, though in a very much reduced form. 

June, 1942. 


P. D. 
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ESSENTIALS 


The student should provide himself with 

1. A good pair of compass fitted with 

both pencil and pen points The 
pencil point should be kept thin and 
round. 

2. Adrawing pen. 

3. Pencils—two are necessary—H and 2.H, 

4. A pair of Dividers. 

5. Set squares and T square. 

6. Indian Ink. 


the following instruments and materials : 

7. India rubber ^ .. u 

8. Protractor—A "Service,Protractor will 

be better 

9. Drawing copy book. 

10. Graph paper. 

11. Drawing box. 

12. Ruling pen. 

13. French curves 

14. levelled ruler. 


100 links = 1 chain 
10 chains =1 furlong 
80 chains = 1 mile. 


MEMORANDA 

1 link =7'92 inches = 8 in. (nearly). 
1 chain =66 ft = 22yds. 

1 long chain = 100 ft. 


1 kilometre (km) =1000 metres 
1 metre = 10 decimetres (dm) 


1 metre =100 centimetres (cm). 

1 centimetre =10 millimetres (mm). 


1 fathom =6 ft. 1 1 nautical mile = 11515 statute miles 


1 metre = l‘094 yards = 39’371 inches. 

4 


12 inches 

= 1 foot. 

3 feet 

= 1 yard 

5i yards 

= 1 pole, rod or perch 

4 pol«s 

= 1 chain. 


10 chains 
8 furlongs 
3 miles 


= 1 furlong 

= 1 mile (1,760 yards). 
= 1 league. 


1,000 millibars =1 bar=29'53 inches of mercury. 
1 in. of mercurv = 33'86 millibars. 




CLOUD FORMS 


CIRRUS 

CIRRO-STRATI :S 

CIRRO-CUMULUS 

ALTO-Ct^MULUS 

alto-stratus 

STRATO-CUMULUS 

CUMULI S 

CUMULO-MMRUS 

NIMBUS 

STRATUS 
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MAP WORK 

CHAPTER I 

MAPS AND SCALES 

1. Maps. A map is a flat representation of a large or small area of ground. 
Maps give us a permanent record of the various features on the earth s surface. 
Their study is very important; they form the laboratory of the geographer. 

A map may be regarded as a conventional picture of the Earth’s surface as 
seen from above, to which lettering is added for identification. 

An aeroplane photograph gives us a true facsimile of the earth’s surface on 
a small scale. A map, however, is different from an aeroplane photograph ; in 
a map, we need to have a place for names; roads etc. are not true to scale. 

A map, in other words, is some fraction of the true size of the area on the 
ground shown on the map; this fraction is known as the “scale” of the map. 
Thus ^yhen we speak of the scale being 1 inch = l mile, we mean that two points 
one inch apart on the map are one mile apart on the ground. One mile is 
equal to 63,360 inches (1,760 X 3X 12), hence we may speak of the scale as 
which means that one inch on the map represents 63,360 inches on the ground. 

The term Map work includes a study of the various types of maps, the 
methods and principles underlying their construction, and the various methods of 
showing landscape and the different phenomena on the earth’s surface. Some¬ 
times the term Cartography is used for the science of map construction. 

In fact there are three aspects to our study ; the land is measured by the 
surveyor, the measurements are collected and rendered on a map by the 
cartographer and the facts shown are interpreted by the geographer. 

2. Charts and Plans. The word “chart” is derived from the French carte 
meaning a map and hence there is an overlapping between the words “map” and 
chart A chart is usually a record of the submerged portion of the earth’s 
surface ; thus steamship routes are shown on charts of various oceans. 

The distinction between a map and a plan is a matter of convention. The 
word plan” is usually used in connection with property surveys, e.g., the plan 
of^a building by an architect. The scale of a plan is usually greater than 
6—1 mile; while the scale of a map may be anything smaller than 6"=1 mile. 
These plans are sometimes known as cadastral maps from a French word 
cadastre meaning a detailed register of territorial property. 
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3. Types of Maps. Maps may be classified into the following types, the 
object of classification being to show only certain features of the area mapped to 
avoid confusion :— 

(1) An outline map shows only the coast-line of a country or a continent. 

(2) A political map shows the political boundaries, provinces, towns, rivers 

and railways, etc. 

(3) A relief or physical Or orographical map shows the nature of the Surface 

of the land ; various colours may be used to distinguish high land from 
low land etc. 

(4) A bathymetric map shows the varying depths of the ocean, e.g., by using 

various shades of blue, and indigo-blue. 

(5) A bathy-orographical map is a combination of Nos. 3 and 4 above. 

(6) A vegetation map shows the distribution of natural vegetation. 

(7) A biological map shows the distribution of vegetation, animals and races 
of mankind. 

(8) An ethnographical map shows the distribution of races of mankind only, 

(9) A climatic map shows temperature, rainfall, pressure and wind systems 
for any particular season or as an average for a considerable number of 
years. In wall-atlases two sets of climatic maps —one for summer 

or July and the other for winter or January—are usually prepared. 

(10) A weather map shows the temperature, rainfall, pressure and wind 

systems for any particular day from data founded on observations 
made at various observatories. 

(U) A commercial or economic map shows the centres of production of 
various commodities, direction of trade, density of population, etc, 

(12) A distributional or commodity map shows the distribution of crops, 

animals, minerals or people in a given area by actual figures on a 
quantitative basis. 

(13) A geological map shows the various types of rocks, their nature and 
age, inclination of the various beds of rock, soil, water-supply etc. 
in relation to the upper part of the earth’s crust. 

(14) A topographical map is a large scale map (usually less than 6"= 1 mile) 

based upon actual survey of the land; it presents general information 
and shows details of both natural and man-made features. 

(15) The International map is a survey map on a scale of 1 : 1,000.000 (l/M) 

as a result of the co-operation of various countries. It is divided into 

sheets, which are uniform in scale, size, conventional signs, and style 
of drawing. 

Besides the above we have the historical map giving main facts of history of 
any country for any particular period ; astronomical charts depicting the astro¬ 
nomical phenomena of the universe, e.g., the motion of the planets round the sun * 
charts used for navigation ; and maps used in art and in advertising. 

4. Scales and their Construction. If the distance between two stations is 
one mile on the ground, and these two stations are one inch apart on a map, the 
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„,a,lo..hip .ha. eal.,= b..w«^jjs= rt..“whi°h 

"'Til't.T™” '.. .h. t.hari«.h o. .L arouhd. _Th. 

representation of the distance on maps may be done m three different ways . 


(1) The Statement of the Scale. 

(2) The Representative Fraction or Numerical Scale. 

(3) The Plain or Linear Scale, also known as Graphic Scale, 

5. The Statement of the Scale. A statement of the scale is inserted on 


the map thus: 

1 mile= 1" 

5"= 1 mile 

The scale is always appended on maps, so that the actual distance represented 

can be readily calculated. 

Scales may be either small or large. 

Small scales are scales of miles to the inch, e.g.— 

4 miles =1" 

64 miles = 1" 


Atlas maps are on small scales. 

Large scales are scales of inches to the mile^ e.g., 

2''=1 mile 
6"== 1 mile 

Survey maps, Artillery and Trench maps are large scale maps. 

6. The Representative Fraction. In this case, the proportion existing 
between length on the plan and on the actual ground is indicated by a fraction 
whose numerator is 1. Such a fraction is called a “Representative Fraction” 
and is usually abbreviated to R. F. Thus : 

p — distance 

Ground distance 


If a map has an R. F.= 


1 


1,000 


it indicates that any length on the map 


represents 1,000 times that length on the ground, whether it be in inches, centi¬ 
metres, feet or yards, etc. 

Example 1 . 1 inch to a mile = 1 inch to 1760X3X12 inches 

= 1 inch to 63,360 inches. 

1 


Hence 


R. F.= 


63,360 


This scale is independent of units and is applicable to all countries. 

7. Plain Scales. Sometimes a line is drawn at the bottom of the map 
conveniently sub-divided, so that the reduced distances can be directly measured ; 
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'll" p”"* »“>• p. b.,.= 

(-) It must represent a convenient round number of the unit employed. 

Example 2. Construct a plain scale of 7 miles to the inch. 

As stated above a convenient length for a scale is usually about 6 inches 

us 4 "f,will show 6X7 = 42 miles on the^ given scale Let 

take the nearest round number 40 miles to show the primary dhdsio'ns Ld 

subdivide It into 8 parts ; each part will show = :^° = 5 miles. Add another 3 

subdivisions on the left of zero to show secondary division 

both for primary and secondary divisions. ^^ + 5-45 m.les in all, r.c.. 

7 miles= 1 inch 

45 mi]es = y inches 

v\' .1 , . “6*42 inches 

w e thus draw a line AB = 6-42 in. and subdivide it into 8+1 = 9 parts. 

lake a line AB = 6-42 inches. From A draw AC a little longer than AB 

nme pom,'"!, with dividers mark off 

Pomts dra? hr' n ' from oZr 

divisions. Had, divBS=5 mil'es.' ""‘I 6'- the required 

Begmnmg from the swond, write the primary divisions thus : 

fhMe^lmtni’H '.f ° 5 equal parts as shown in’the diagram. Each of 

iMsions 1 mile. They are known as the secondary divisions. 
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Example 3. Cofistnict a plain scale to show yards on a scale oj 4 inches 
to the mile. 

The scale given is 

4inches=l mile= 1760 yards 
6 

6 inches will show -X 1760 yards 

= 2640 yards. 


Let us take a round number, say 2,500 for the primary divisions : if we sub¬ 
divide it into 3 parts, each part will show 500 yards. Add another 500 yards for 
the secondary divisions. Thus the total length to be shown would be 
2,500 + 500 = 3,000 yards. According to the given scale 1,760 yards = 4 inches. 


• • 


onoA j 3000X4 . 

3,000 yards= —— inches. 

1760 

= 6’81 inches. 


Draw a line 6*81 inches long and divide it into 5+1=6 parts as explained 
in Ex. 1. Each of the divisions would represent 500 yards. 

Write the divisions thus on the scale 

500 0 500 1,000 1,500 2,000 2,500 yards. 

Sub-divide the first division into five equal parts, each to show 100 yards. 

The sca/e has the great advantage of remaining true after the map 
has been reproduced by photographic processes. 

. , Scale. An ordinary ruler is usually divided into tenths of an 

inch and c^not be used to measure a hundredth part of an inch. Such measure¬ 
ments can got from a diagonal scale. The construction and use of a diagonal 
scale can be seen from Fig. 2 which reads to hundredths of an inch. Each of 
the diagonal hnes progresses over one-tenth of an inch, so that each intersection 
with one of the parallel lines marks another hundredth of an inch. 



9. Change of Scale, A map may be drawn on a new scale, so that 
measurements on the new scale may be made directly. One of the simplest 
methods of enlargement or reduction is by squares. 

Draw a set of squares on the original map, and prepare a similar set for 
the new map. The sides of the square in each case must be proportioned to the 
required representative fraction. Number both sets of squares to correspond, 

starting in each case from the top left hand corner. Transfer the points where 
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the features shown on the map cross these lines from one set of squares to the 
other. 





If a map has no scale, its scale can be 
one degree of latitude in the centre of the 
is approximately equal to 69 miles. 


found as follows : find the length of 
map or on a straight meridian ; this 


Ex.mple 4. 0>ie decree of latitude on a map was found to be= 1-5 inches 

R. p.= __ _1 

69X63,360 2,914,560 


EXERCISES 

1. Convert the following scales to R. F.— 

(a) e inches to a mile, (6) 1 centimetre to I kilometre, (c) 1 inch to 200 links. 

2. Construct a scale of 5 inches to 1 mile. 

3. Construct a scale of 50 qqq to show miles. 

4. Construct a scale of 100 paces to 1 inch [I pace = 30 inches]. 

1 


5. The R, F. of a map is given as 

6. The R. F. of a map is given as 


400,000 

1 


100.000 


: how many miles are represented by one inch ? 
: how many inches represent one mile ? 


to hall-the’'sc“ale-t ThTen'lar^e iMo'tuCle"“re^sca,:' “ 


8 . Construct a plain scale (or 2 miles = l inch to show yards. 


9. Draw suitable scales in (n) inches to the mile, (6) centimetres to the kilometre for 

the International Map whose R. F = ^ • 

M 

10. Find the K. F. of the following scales •- 

' 5" =lmile; 

1 cm. -1km.: 2 cm. =1 km. 
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11 Construct a scale of 4 miles = 1" to show half-miles. 

3" what is the R. F. of the map ? Also construct a plain scale to show miles. 

this purpose. , ^ ^ 

14 A dilapidated map has the scale torn off and missing. The distance be ween two 

places onthe"m?p as‘btng 1-25 inches Construct a scale for the 

map. 

15 (a) What do yo understand by (1) map, (2) map projection, and (3) scale. 

6 The distaLe between London and Constantinople on a map drawn to a scale of 

1 ; 12,000.000 is 8$ inches ; find the distance in 1932 and 1933) 

16. What is a map ? How does it differ from a picture or diagram ? Give a brief 
description of the various types of maps that you may have seen. (Pimyafi Vmv.. April 1942) 
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Representation of relief 


10 T h 

catins on tl.e^::a"r■the"hSt1nd‘shC ot " ^^own by indi- 

proficent ,n map-reading ,t ,s nSsarv I" order to be 

various methods used to show these fetu7es ^ knowledge of the 

(ir Con^rf^^ "" -presentation of hil, features :- 

( 2 ) J-orm-lines. 

[3J Hachures. 

P) Hill-shading. 

5) Contours and Hachures. 
f' Contours and Hill-shading. 

(H Layer Tints. 

■1 hese methods are not suitable for atlac k 
. 11. Contours. A Cn.„ . ■ . . ^ ®"ale. 

an imaginary line joining all imniediatelv -Presentation on a map of 

height above mean sea-lfvel aXt ; ‘ er7c7T '’7"‘7'"'’"'’ ‘^e “L°e 

If you walk along the side of a hill 7l ®Part. 

your path is a contour line. care neither to go up nor down, 

^ea-'«.-'As ca1Ld"thl’Mo"L7cimm! ^ °f -^00 feet above 

gRefmap^'rd' ''"'; '"""'"''"y'«b\7"evhaL‘rs v'r'The '' 

'• >««/«.. .i,e 5,";^' 'joV'"'"?' 

1 wo terms are frcouentl., . ■ ’ °.apart. 

connection with contours: Vertical Inter 
^ ^ ’ 'a'■T’f 'If zonlal Equivalent. 

is the (written V. I.) 

-ccessiv'^^o^mi;- 'TS\.1‘'ir" ‘17 

^r‘miy" V. 1^ 1; 

manvallifudcs a e i^ arises where 

for the higher erotinTh " *'’®^lontour.s 

together. ^ '’^ry close 
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The Horizontal Equivalent (written H. E.) is the horizontal distance 
between two successive contour lines. 

The H. E. is always expressed in yards, and it varies all over the map. 
It is small for steep slopes, increasing in value as the slopes become gradual. 

Experiment. Knock off the pipe of a glass-funnel and place it on a table with its wide 
mouth downward. Draw parallel lines round the funnel at intervals of half-an inch. When 
looked from above, the lines will appear as concentric circles when transferred to paper as 
they appear from above, these circles will be the contours. 

Let us imagine an island with two hills one 300 feet and the other 200 feet 
above sea-level; the two hills are connected by a 
narrow part called the “Saddle,” a little over 100 feet. 

If the level of water rose a hundred feet the island 
would be smaller but its shape would remain about 
the same. A further rise of water would cover the 
saddle and the two hills would be converted into two 
islands. A further rise of 100 feet would leave only 
one hill standing 100 feet above the level of water. The three coast-lines in 
position will give an idea of the contours of the island drawn at intervals 
of 100 feet. 

Consider a hill, whose one side is steeper than the other. A model made 
of plasticine, modelling clay or gelatine"' would serve admirably for this purpose. 
Draw lines as in the above experiment. These lines when viewed from the top 
will appear close together on the steep side and wide apart on the gentle- 
slope side. 

Hence— 

When contour lines are close together, they show a steep slope but when 
they are somz distance apart they show a gentle or more gradual slope,' 





Fig. c. 

Hills and mountains do not have straight sides. It will be necessary to 

study a few irregular slopes as shown in Fig. 7. Study the various features and 
their contours carefully. 

Note that the slope is 

_ (i) unijorm when the con tours are spaced evenly 

with : iZ e\“s\i;rthe“p:opfr shapl ^ 
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fii) convex when the space between the contours decreases towards the 
lower ground. 

(mi concave when the space between the contours increases towards the 
lower ground. 

(iv) undulatins when the above types are combined togeth 

in Studying Contours, (l) Contours 
close together on steep ground and are far apart on gently sloping ground. 

A small nng, with no contour inside it indicates a peak or summit 
A _mall ^jangle with a figure inside the ring denotes the actual summit. 

grouml nn surrounded by higher 

fisenfn I V '^“"centnc curves, the difference being that in the 

decrease SrdHJl^rr"" 
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>''• .?e"‘cro»'.o“h.'‘ S„s ..d ..id. .p... .n ...... 

sloping) vaUey-^. valleys, connecting the angles of the \ s. 

(6) Contour lines must be drawn as continuous and not broken lines. Thei 
should be d?aerentiated from other lines on the map by using a coloured ink 
usually red or brown. When there is a large number of contour lines, it n, 
usefuUo mark every 5th or 10th line slightly thicker than the other . 

V.- (7) Th is is the most important point to remember. ures 

that side of the contour line on which the ground is rising, i.e., the figu s 
must afways be above the contour line as regards slope, even th°ugh his may 

involve some figures being upside down when the map is viewed with the north 

*\V)°Figures should be shown in continuous lines from top to bottom and 
must not be scattered about. 

13. Valley Contours. A valley is a depression or low-lying tract of land 
between two hills or mountains and often traversed by a stream or a river, which 

carries off the drainage of the higher ground. *. *.u 

The contours of a valley are marked by V-shaped contours. Note that the 

noints of the V point to the high land. ,, , • 

The points of V’s mark the lowest part of the valley, hence rivers must cross 

the contours at the points of V’s. , , . xt • 

The contours are paired on opposite sides of the river. No river can run 

between two contours of different heights, f.e., if the nearest contour on one side 

of the river is 400 feet, the one on the other side will also be 400 teet. 

Ordinarily rivers rise at or near the heads of their valleys, unless otherwise 

Rivers on level land meander a good deal. , , , , j t'u 

Note.— A Spur is an extension of high land towards the low-land. The spur 

is also marked by V-shaped contours, but in the case of a spur the points of \ s 
point towards low ground. 

14. Form-lines. On small-scale maps, the heights are sometimes repre¬ 
sented by form-lines. They are contours, not figured. They show the general 
pattern of the ground and not the actual heights. These lines are broken. 

Note. —Broken and dotted lines are also used for boundaries, paths, etc., but 
in that case the spacing is uniform, t.e., the space between the lines is equal to 

the lines themselves but in form-lines the spacing is not uniform.] 

Sometimes numbers may be inserted to show the heights of peaks and 
summits, etc. 

15. Hachures. Hachures are short, disconnected lines, drawn down the 
slopes, in the direction of the steepest gradient. When the slope is steep, they 
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are made heavy and close together ; when the slope is gentle, they are made 
lighter and farther apart. Flat ground is left unshaded. 

Hachures are drawn in the direction of the slope ; thus they represent the 
direction in which water would flow over the surface if allowed to run freely. 
They are drawn at right angles to the direction of the contours at any point. 

The advantages of hachured maps are :— 

(!) They convey at a glance a general idea of relative steepness. 

(2) In a contoured map when the 
vertical interval is large, the addition of 
hachures is valuable in showing minor 
features, which ordinarily are not shown 
by contours. 

Their chief drawback is that they 
obscure other details and interfere with 
the legibility of the lettering on the map. 
This defect is now obviated by doing the 
^•8* hachures in colour. 

u ii shown on the right and hachures on the left for a 

hill whose right-hand slope is gentle and left-hand slope is steep. 

16. Hill-shading. In hill-shading the same effect as that in hachures is 

produced by a snnooth graduated wash of colour or by pencil shading. This may 
be best explain^ed by imagining that a light vertically over the country causes 

h nTw'fn" Both sides of a 

hill t^herefore would be dark, and the summit and the valleys would be left white 
on the map. wimc 

sidPs^of°th^I^r l'il>-shading, the shade is made darker on the 

sides of the slopes facing away from north-west. The effect produced is very 

^n fri'S modd ^ north-west, falling obliquely 

..1 '’‘"ishading do not show exact heights, nor adequately the 

relative altdudes and the gradients. These methods are used for sma .scale 

lu^country Study a 10 miles= l" map of any 

17. Contours and Hachures. When the vertical interval of contours is a 

large one, contours are supplemented by hachures lightly shown in brown which 
^how the minor formations omitted by contours. * 

1 I • 1 Hill-shading. Contours are sometimes supplemented 

:>y hill-shading. This method is adopted by the French 1/50,000 maps. 

betwL^n an^y“fwo lamed comours.”'' 
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REPRESENTATION 


OF RELIEF 


Blue is used for the sea, the shade increasing in strength in the following 

order as the depth increases :— 

Very light blue 

Light blue 

Blue 

Dark blue 
Indigo. 

Low-lying land is shown by the following colours in increasing order of 
height of land :— 

Green (usually dull-green) 

Light-green 

Yellowish-green. 

Highland is shown by the following shades of colour in increasing order 
of height ;— 

Light brown 
Brown 
Dark brown 
Reddish brown 
Crimson red 

High glaciated areas are shown in white—usually with a tinge of blue, 

• This method is growing increasingly popular, as a vivid picture of the 
distribution of high and low ground can be seen at a glance. There is, however, 
one objection, that when there is a considerable range in altitude, each change 
of colour interval cannot be distinctly shown. 

Note 1. —If crayons are used, colouring should be done after all other 
details have been inserted ; with water-colour, the colouring should be done 
before filling in the other details. 

Note 2.—A map is usually judged by its appearance. Colouring must be 
done very carefully. It must be smooth, and without any spots or patches, 

20. Types of Hill Features. Fig. 9 shows the hill features in a bird's-eye 

view and also a corresponding contoured map, which should be carefully studied. 

# ♦ 

Mounti^. A mountain is an elevation usually more than 3,000 feet high. 

Hill. An eminence less than 3,000 feet in height. 

A Plateau is a tract of high level ground. It is fairly broad as compared 
with its length, 

A Ridge is a long, narrow and fairly sharp-edged strip of high land. 

Crest or Brow is that part of the summit of a hill where the steep side 
changes to the flatter top. 

Saddle, Col, or Neck is the land connecting two hills or mountains. Passes 
are formed across saddles. It is a depression through which the ridge-line 
passes to connect the summits of a chain of hills. 
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Pig. 9. 
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representation of relief 


J- 'A^ i" the hic^h ground from which the 
A Spur or Bluff IS a tongue o of V’s pointing to lower ground. 

^'“a^ r«X.dW. S«„er dopes ajov. „d Mow J,, 

their bases. lr,,vpqt line of a valley along which water runs. 

Watercourse defines the lowest , u„ „ river and its tributaries. 

A t;V?s?"arrlVpS^eU^ hills with steep precip.tous side. 

a\ Knoll is a small hill or mound. 

\ I? i^ an extended line of clins. 

a!, 'soctiops ond PpoHU. A oMion 

” ^/s t.rT t fSf So,., ^op oi..™.. wo„,d ^ 

A section is the outline of the intersection ^ When an 

ipptls rS a t^oTciLrpreces. the freshly-cut surface of each half 

is a section. 

A section has two scales ;— . , g as that of the map 

(0 The horizontal scale-This .s always the same 

from which it is drawn. came or some multiple of the 

(ii) The vertical scale.-This may be the same or 

horizontal scale. TT|„ 10 illustrates how a section can 

points thus obtained by a smooth re aired ; place a strip of paper 

Ull . ff a section along a diagonal line ^ ^ f rj^e paper, 

S';fp::=Sp»p;p. d-a«. .du...« pq- — 

tolar, a. b.for. and complela the proHe. i, „ find ont 

toS ..rp^itoiinUr rr,.T.b. >,.>«..... »■ 

'““It 

drawins a ..Con alo.d ...• P»» J ““'“'t' a, tonca.e .h. P.in.s a- n.n.«.llp 
Sa.™.”; :,“*d to ..me ndnnr f.a.n,. or an, ..bar »b..rnc...n. 
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1 . 



Fi«. 10. 
EXERCISES 


Draw contour maps to show the following features ■- 
(i) A hill-slope well dissected with streams 

•'■-“Sh by a river (:00 ft.) and two 
sVe‘'onhe°X'""'' '-•h a river nerving at one 

'i:! 

(\i) A south-llowing ri^’cr emerf»ini» « .i. • . 

valley whose western side is s^eep other slonp hf-^ ° " flat-bottomed 

(vii)A highland mass rising L 1 500 ft 
What V broken through by 

Illustrate by !bagrams."""‘‘ “ rontourecl map ? How does it difter from a sloping 

° 7 a) ^rifssccTcd pbaretr^'’-"'^^^ >»nd forms :- 

!rl “rnru'niain stream with a few tribiitries and a lake 

Show by means of cont'ourV^h'l”'followin! '“a' l’ shn'"'d'^’ n''"’" 
con,cal h.ll, a pass in high mounta.n ranges, a ddge w.fh steepXe“ 

(.l/ns/rw; Ctiiw, Ali'^arh, Inter,, 1939 ) 


2 . 

3. 

4. 

ridge ? 

5. 


6. 






CHAPTER III 

MAP READING- 

Conventional Signs used in Survey Maps. In order to be able to 
read a map legibly, it is necessary 

, { 011 * ^ ^conventional si^ns used in cartography are such as 

wilUonTeyTlfthe^Mm,nation possible coinpatible with the general clearness 

and legibility of the map. 'symbols are nsed 

for'"nLh’= ! -"eP^tharfor^E. OOO.’OOO map ; syMJor 

are not always of the same size or y ] principle is the same. The 

i V"irr ao^“« 

(2) Water features (hydrography)— indicated by blue. 

and foot-paths are shown by broken lines m red. 

- £L“di^ ImL^^^rr uchs between ; for a 

Se%toT£ T^uWJ They are tinted blue 

on colored m\p,. Ri.Ls less than 15 feet in width are shown by a single line. 
Canals are shown by double parallel lines in blue. 

Kn -irp qhown bv horizontal lines wit h little ticks_a bq\e.--— 

-of conventional signs can be hadl^^^nlh^ Survey of India Oflice, 

Calcutta. 
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Metalled Road. 
Unmetalled Road. 


•4t0f00tt0.H 00' if 0 >0/10000010 


Telegraph line 


Road through a cutting 

Country boundary 

(surveyed) 



//W////////////////////////4 




Double-line railway 

(standard gauge) 


Single line railway 


Country boundary 

(unsurveyed) 


K—X—X— 


Metre Gauge railway 
under construction 


Province boundary 

(surveyed) 


Metre gauge railway 


Province boundary 

(unsurveyed) 



Tramway or mineral 
line. 


District boundary 


Coniferous trees 


Date Palm 


i\oad over railway 

I III 


t 


Railway over road 


> 

Railway over railway 


Deciduous trees 


V 




Tunnel 



Aqueduct 





MAP READING 



Village 

c£]DQ 

n?a q] 

Scattered huts 

$.0 

0 □ 

Deserted village 

X 

Church 

6 


Temple 



Mosque 



Fort (surveyed) 



Fort (conventional) 



Post Officce 
Telegraph Office 
Rest House 
Dak Bungalow 

Well 

Spring 

Pipe line 

Tank with embankment 


P 

T 

RH 

DB 

o 

+ 

a-o-o 



Marsh 



Canal with lock 



Camping ground 


Fig. 11 (c) 


Fig. 11 id) 


.Sf; !■ "S 

necessary. 

Pasture grouml is shown by minute black ticks arranged m senes. 

Wood, are shown by trees and tinted green on , jj-^nged 

Orchard, are shown by small tree signs symmetrically arranged. 
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Parks are shown by a stippling of black dots. 

Quarries are shown by a dark line from which spring short lines. 

Buildings are marked solid black or red. 

Boundaries. Boundary between provinces is shown by a thick peck-line 
and that between districts by a dotted line. 

It is not possible to reproduce all the conventional signs from the charac¬ 
teristic sheet. These sheets may be easily obtained and the symbols used are 
self-explanatory. These should be carefully studied. 

24. Marginal Information. Ihe following information of a general 

character is always shown on the margin of all maps, which must be carefullv 
studied :— 

(1) Scale, shown at the foot of the map. 

(2) North point, shown on the top right-hand side, and magnetic variation. 

(3) .\ltitudes, given in feet ; heights shown by layer-tints or contours. 
Reference numbers. 

Legend (or Symbols) giving an abstract of more important conventional 


(4) 

(5) 


signs 


(r.) 

25. 


Date of publication. 

Proficiency in Map Reading. The student is advised to purchase 

Survey o India sheets (Scale 1 .M. i.c., 1 inch to I million inches and one inch 

to one mile) of any familiar district and also the characteristic sheet givincr the 

convenponal signs 1 hese maps can be had from the Map Record and % e 
Olhce, Survey of India, Calcutta, ® 

These maps should he studied systematirallv on the following- lines — 

Remember that the interpretation should he from the evidence of' the man 

alone, i he materia prescnleil in the map should be collected and sorted Then 

the sorted material shou d he cl.assilied in illustration of some aspect of Phys ca" 
(.eography or llum.an (.eoeraphy or of both. ''>sical 

(1) Preliminary Statement Describe the marginal information as given above 

Note the scale and calculate the area to give you an idea as to how much countrv" 
IS shown by the map. ‘“uen counir\ 

. =,(2) CartoRraphic Method, Used. Study the characteristic sheet appended to the 
map. the range of information available and the scope of symbolism Cla s fv „ 
groups as explained on page 17 and illustrate. '-■assity m 

■ Geography. ('■ ive a general survey of relief and drainage Draw 

asimplihed sktech showing the relief features only (omitting minor deta Is 

(//) River work ; stage of development. 

(ni) Glacial phenomena—erosion and deposition. 

(uO Coastal features a separate physiographic unit — thA \\-Ari- 
agent of erosion and deposition. ® 
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(4) Vegetation. Discuss the type of natural vegetation. 

(5) Human Geography. Analyse and discuss the human response to physical 
environment. Draw a sketch of communications and human settlements. 

Discuss the communications; the class, type and the direction in which 
they run. 

Discuss the cultural settlements,—villages, towns, nodal towns, boundary 
lines and other man-made features affecting human settlements. 

(6) Conclusion. Divide the area into natural regions bearing in mind all 
previous deductions as to relief, vegetation, considered now in relation to human 
activities. 

The most profitable way of studying a survey map is to select a map of an 
area well-known to you and study it in conjunction with practical work, i.e., fairly 
detailed examination with a view to systematic geographical description. 


EXERCISES 

Select from the Survey of India 1/M and one-inch survey sheets examples of maps 
representing different types of country and analyse them on lines suggested by the following 
questions :— 

1. Reduce the scale and draw a sketch-map showing the relief and drainage. Suggest 
possible divisions into physiographic regions justifying such division. 

2. On a reduced sketch-map show the distribution of villages and towns. Discuss the 

general distribution of population. "" 

3. Explain how far the area is served by and account for the occurrence of different 
types of roads. 

4. On a reduced sketch show the routes and towns and explain how far the sites of the 
towns and routes are influenced by physical features. 

5. Identify and repro’duce on a larger scale the following features from the given map.— 
a water-shed ; a hanging valley : col ; a spur ; a scarped slope ; a conical hill ; a 

plateau ; a ridge. 


6. Discuss the methods of showing (t?) relief, (6) vegetation, (c) communications, (cf) 
cultural settlements as shows on the given sheet. 

7. Describe and illustrate the cartogaphical methods employed on the Survey of India 
maps on a scale of 1 : 1,000,000 which you may have studied. {Punjab Univ» Inter., 1934) 

8. Describe the important topographical features of any selected Survey of India sheet 

(Scale 1 : 1.000.000) studied by you. {Punjab Univ., Inter., 1935) 

9. ^Write a systematic geographical account of any Survey of India sheet (Scale 

^ : 1.000,000) stiidie'dTy you. {Punjab Univ,, 1936, 1937 & Supp. 1937) 


CHAPTER IV 

MAP DRAWING PROM DATA 

26. Map Construction. A description of a piece of land can be easily 
translated into a map if contouring and conventional signs used in map-work 
have been thoroughly understood. 

In order to draw a contoured map note the following :— 

(1) Read carefully the data supplied several times and fix the major features 
in the mind in their relative positions. 

(2) Draw a rough sketch and write down the names of the features in their 
correct positions. 

(3) Select a convenient scale and draw the border of the map in pencil 
bearing in mind the extent of the country to be shown. 

(4) Draw the lowest and the highest contour lines. 

(5) Insert the rivers and other major features. 

(6) Select a suitable vertical interval and draw in all the contours now 
bearing in mind the shape these contours must take with reference to features 
already indicated, c.g., when contour lines cut rivers, the points of V*s should 
point to high ground, and in case of spurs to lower ground. 

(7) Insert other features and means of communications and cultural 
settlements. 

(8) Check the sketch and see if all the features required in the data are 
shown therein, and nothing of an impossible nature (e.g., a river flowing uphill) 
has been inserted. Do not insert features not required in the data sttpplied* 

(9) Note that the contour lines must either form closed chains or run to the 
edge of the map. Do not crowd the map with contours to obscure other features ; 
nor should the contours be too few. Strike at a mean consistent with data and 
neatness of the whole sketch. 

(10) Ink the map showing the contours in brown or red, and using con¬ 
ventional signs for various features. Label the necessary features etc. 

(11) Draw the border; scale ; show north, and give a key to all the symbols 

used 

Example. Cotistruct a map shoiving by means of contour littes at 100 ft» 
ifiicrvals the following features :— 

A long ridge runs jrom west to east. Its crest is on the average over 
GOO ft. in height, but it is notched in three places by gaps atid is completely 
broken through by a river which is flowing from south to north. The ridge on 
the n’jrthern side sinks gradually to a marshy plain. 7'hc slope on the 
southern side is steep in its upper portion and then becomes more gradual, 
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MAP DRAWING FROM DATA 


The country to the south of the ridge is broken, undulating and wooded. Near 

the Point at which the river begins to cut through o” 

side, is a town with a church, situated on an isolated hill. A mam road and 

a railway Pass through the river valley, ivhile secondary roads make use of 

the other gaps. (See Fig. 12). 



Fig. 12. 


27. Copying Maps. A map may be copied on tracing paper by placing it 
over the original. It is a saving of time to trace direct in mk. 

28. Enlarging and Reducing Maps. Map enlargement, which is very 
simple in its principle, is of considerable importance in modern warfare. Small- 
scale maps are supplied to the military staff. The minor features, which may be 
of military importance, are not marked. Hence an enlargement of the small- 
scale map is made and the additional information is completed on the site as may 
be necessary. The following methods are commonly used ; 

(1) The Method of Squares. Draw a network of unit squares over the map 
to be copied, reduced or enlarged. Prepare another network of squares on a 
blank drawing paper, with their sides reduced or enlarged by the factor chosen. 

Insert the detail by eye, square by square. . ,u i 

The greater the number of squares, the more accurate will be the enlargement 

or reduction. 
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(2) The Method of Similar Triangle*. This method which is mu'ch simpler 
than the above is used for routes etc. l-'rom any convenient points, lines are 
drawn to the salient points of the original route. The ends of the route are 
joined to form a triangle. If it is desired to reduce the map, another point 
on the side nearer to the first point, proportional to the required scale is taken 
and the route is then sketched in. If an enlargement is required the second 
point is taken on the side farther to the first point on producing the sides of the 
triangle. 



The Proportional Comp.iss^ a simple instrument based upon the above 
principle will be readily understood by using it. 

29, Lettering, A good map may be spoilt by careless lettering. It is 
necessary that all names on the maps must be clear, legible and neat in appearance. 
Lettering is a tedious task hence no attempt must be made to make it very 
artistic and only such style should be adopted as should be neat and fairly rapid 
to execute. The following points must be borne in mind :— 

(1) Select a style which approximates to your natural handwriting. 

(2) riie spacing between letters must appear even ; the shape and size of 

the letters must be uniform ; c.g., the space between two O’s is less 
than that between two I’s. 

(3) Use a stiff and broad-pointed nib. A springy nib is not good for 

lettering. Do not use a fountain-pen. 

(4) I'or most lettering there are two styles :—the Roman (or the upright) 

and the Italic (or slant lettering), e.g., LAHORE ; LAHORE. 

Land features are shown usually in Roman and water features in Italic styles. 

(5) Do not omit to finish the map with a border, compass rose etc. 

Ornamentation must be avoided. 

Remember that.— 

By the style of your letters, you differentiate the various features, c.g., 
mountains and rivers. 

By the size of your letters you express the importance of these features. 

By the spacing between the letters you express their extent. 

•Ml letters must read in the same direction. 


EXERCISES 

1. Draw a sfetcl) map of a village with a post and telegraph oOice, a church with 
the^viUage through it and two foot-paths cross the main route in 


2. On a scale cf 1 mile=r' draw a contour map of an 
ground risim* to a hill whose summit is a mile from the eastern 
slopes are concave. [Vertical interval 50 ft 1 


island 4 by 2 miles, with 
"bore and is 800 ft. high. 


the 

All 
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MAP DRAWING FROM DATA 

3 An island 6 x 4 miles has twohills, one 400 ft, and the other 200 ft. high. Slopes 
below 200 ?t. are gentle; those above 200 fh are steep. Insert . r.ver and a road across the 

island. Draw a contour map on a scale 1 mile-i and v.i. ou it. 

4. Using a suitable scale draw a map having an area of 150 sq. miles. By means of 

contour lines represent the f®^*^l^V‘^rises to a height of 2.000 ft,. slopes steeply 

the sea after crossing a plain Along the coast are sea cbffs over 300 ft. m height. 

Make a section which will best show the character of the country. 

^ Draw a contoured map showing the following features : A plateau about 1.000 ft 
.n ave^ag?r.abo^n°';rrm,nafes --tea^\r:^rd^^^oTh‘gh "he 

pi:trau‘ LmfrboTd^;" or°v. "’Three streams which have excavated deep valleys in the 
gateau unite in a river which flows out south of the promontory. [V.I. 50 ft.] 

^ - 6 . Draw a 4 oOo’\T^'ort\e ^lelf crossed’U’"a"%a7hvaV'l^ 

llo tra^ove sea level. iPu.,a, U,.... In,... Apr., 19.1) 

7. Draw a map illustratiag tnein\hrma!r stream^rthe''prain*! w^hich 
^°nUrstr:lr. ^Sw^rat the head of -v^abon. The pjain^ is^a^ 

rircorr:e"hr.rite ^n is"a'ro:rai m.,es long. [Scale 16 mi.es= iT] 

8 . What is meant by a contour map ? Draw one^ rentThighesfpoin.Tf’cSorerrrbo" 

:rarer^^nrer a%terTa"e^rmir^^^^ '-S' 

best route for a road across the island, 

9. Reduce the map in Q. S to half the scale. , ui ■* i 

10. Enlarge the Red Sea from a map of Africa in yonr-atlas to double its scale. 

Y 11 /, 4 , 1 a nf 1 • 40 000 construct a plan of a village which extends 4 miles east and 

^;est and 3 miles north and -uth. showing huts me^^^ 

t':?4"ra^S"or:‘rd at/^ars.atro"n rntr^wTu'ge ifne"^ 19.) 

12 D... . .•r.totir.i ".P "I •"! P”” "" 

13. Draw a map of a small area that you fga'tures and facts human geography, 

used on the Survey of India sheets, the mam topographic featu 1936) 

X- 14. What is a contour . A rectangu,^^^^^^^^^^^^^ 

^ 18 miles by 7 miles. A mile south of the no ^ spur is thrown oft about seven miles 

which the peaks reach between 800 and 900 south falling to 300 feet 

from the eastern end of the range j f^e vaVy east and west of this spur are as 

low as 200 feet. Make a contoured sketch-map m the area 


CHAPTER V 

STATISTICAL AND DISTRIBUTIONAL MAPS 


30. Distributional maps show the centres of production of any commodity, 
usually stocks, crops, minerals, and the density of population. They help the 
geographer to study the cause and effect, say, of the density of population of any 
area or of the large scale production of any crop in any area. To complete our 
enquiry into the factors which control the distribution of any commodity, or of 
man, it is necessary to study the distributional maps in conjunction with physical 
and climatic maps. For instance, the sources of our wool supply depend upon 
the distribution of sheep, which depends on both physical features and climate. 
Sheep do not like much heat or damp, and in tropical regions they thrive only 
where the heat is modified by altitude. 


31. Stocks and Crops. The following methods are used to represent 
stocks and crops on distributional maps : — 

(1) Writing the name of the commodity. The name of the commodity is 



Fij». H. 

This method is useful for average figures 


printed in capital letters or in rectangles 
across the area where the particular 
commodity is produced thus—RICE. 
This method is qualitative and does 
not give us any quantitative idea of 
the commodity produced. Thus the 
word RICE printed over the Ganges 
delta only shows us that rice is pro¬ 
duced in Lower Bengal, but it does not 
convey any idea of the quantity of rice 
produced per acre per year or the total 
quantity produced in a year or in an 
average of five years. Moreover there 
may be stretches of unfavourable soil, 
in the same area where rice is not 
cultivated. 

(2) Siiaditi^ or Colour Layer 
Method. Distribution is shown by 
various methods of black and white 
shading or by difi'erent tints of colours, 
per unit area. 



DISTRIBUTIONAL MAPS 
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The chief defect of this method is that the distribution is shown uniform 
over the whole area, and no account is taken of waste-land. 

If colours are used instead of black and white shading it is better to use 
one colour for each commondity using various tints or shades for various densities. 


i/NOiff fOOPi/tiOOOAcAts 


^ 0 ^ 500 /2V? 





200^00- 



i 00 ^ 600 —' 


jH eoo-Toc- - 






Orru’^yoo—" —■ 



Fig. 15. 


Fig. 15 shows the key to black and white shading. 

ThP Dnt method This method is useful for absolute figures, i.e., when 

Tb?™ii ”S b. s.,.c,.d with Tb. dofs n,os. no, b. ,oo 

numerous ; nor must they be too small. [See Fig. .J 

Apart from stocks and crops, the dot method may be used in many other 

m In a coal-field map, for the sites of coal-mines. The size of the dot 
can be varied according to the number of men engaged in each mine. 

(it) Sites of fairs, markets, factories, etc. 

32. Population Maps. Population maps may be of two types 

(1) Showing the number of persons per unit area ; shading or colour layer 

mpthod is most suitable for these maps. • 

(2) Showing actual population ; the dot method, using a convenient unit, 

is generally used for these maps. 

Sometimes the shading and dot methods are combined, so that the same 

map would give the average and the actual figures. 

NOTE.-Distributional maps have certain limitations. Numbers vary greatly 

year. These maps are usually based upon statistics for an average term of years. 

“'“'poJuTation'maps are based on census returns which are made once in ten 
years. 
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or Tfnc I'cxjAf^ smowint, thk vir.Lr» 

or C,RAM. Vl.AK 1935—1939 



MAI' or Tfir I'l NjAr. snowixti pknsitv of 

I’Ol'irLATUjX IN TMF VKAK 1931 



' ' Under 100 Feople 


td 


100—JOO 


»I 




200-300 1‘cople 
300—100 .. 


Tabic showing the number of people 
per square mile. 


1 . 

Hissar 

• • • 

174 

2 . 

Rohtak 


354 

3. 

Gurgaon 

» •« 

384 

4. 

Karnal 

• »« 

271 

5. 

Ambala 


397 

G. 

Simla 

»• » 

454 

/. 

Kangra 


206 

h. 

Hoshiarpur 

• • « 

457 

9. 

Jullundur 

• • • 

703 

10 . 

Ludhiana 

• • • 

482 

11 . 

b'ero^epur 


284 

12 . 

Lahore 

« «• 

531 

13. 

Amritsar 


710 

H. 

Curdaspur 

• • 4 

510 

15. 

Sialkot 

• • • 

G24 

IG. 

C'.iijranwala 


320 

17. 

Sheikh upura 

• • • 

301 

IS. 

Gujrat 

• • 4 

405 

19. 

Shahpur 

• • • 

171 

20 . 

Jhelum 

• • • 

133 

21 . 

Rawalpindi 

• • • 

309 

22 . 

Attock 

• • • 

HO 

23. 

Mianwali 

• • « 

76 

24. 

Montgomery 

• • • 

224 

25. 

Lyallpur 

• • « 

354 

2G. 

Jhang 


146 


Multan 

• 4 4 

220 

2S. 

Mu .-affargarh 


200 

29. 

D. G. Khan 

• • • 

106 

30. 

1‘unjab States 

■ 4 « 

96 


‘lOO-fOO I'c 0 (le 

300 -rco 


f'OO—700 I’cojic 
mm Over 700 
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33. Statistical Diagrams. Statistical diagrams show at a glance the mean¬ 
ing and importance of the facts and figures without reference to the exact figures. 

34. Isopleths are lines on a map which connect places of equal density or 
value of distribution of any element; e.g , 

Isotherms, connecting places of equal temberature ; 

IsohyctSj connecting places of equal rainfall; 

Isobars, connecting places of equal pressure. 

f ontours, which connect places of equal height, may be regarded as Isopleths. 

The following methods are usually used :— 

(1) Line Graphs. By a graph showing the variation from year to year. 
In general, it shows the change of one variable with reference to another. One 
of the variables is usually time (days, months, years, etc.) When a line graph 
shows a continuous variation, e.g., pressure, temperature, the points must be 
connected with a continuous smooth curve. If it shows a non-continuous 
variation, e.g., the price curve of a commodity or rainfall; the points should be 
joined with a jagged line. 

The vertical scale should be so selected that the curve should not show too 
sharp a vertical variation. 

(2) Bar Graphs are used for simple comparison of quantities. The 
quantities are shown by bars of equal width, the length being proportional to 
the quantity on a suitable scale. The bars could be vertical or horizontal : in 
horizontal bars, the labels are more easily read. 

Bar graphs are not satisfactory when one quantity is several times larger 
than the other. 

Sometimes bars are shown on both sides of a vertical zero line ; such 
diagrams are known as Mirrored bar graphs. 

(3) Rectangular Diagrams. In these diagrams a large area, e.g., a 
continent or country is sub-divided into small regions, each of which is 
represented by a rectangle. The rectangle is proportional in area to the value 
it represents. It is better to begin with the larger division and arrive at the 
smaller ones by proportionate halving. Calculations can be made easily if it is 
drawn on graph paper, so that one small square of the graph paper corresponds 
to a round number of units. 

If one of the variables is time, the production or price of any commodity 
can also be shown by rectangular diagrams as shown in the figure. 

(4) Pie Graphs or Wheel Diagrams. The distribution is shown by circles 
of different sizes, the area of each circle being proportionate to the quantity 
or amount to be shown. The radii of circles are proportionate to the square 
roots of the quantities. 

The circles may cut into each other if this does not make the map 

confusing. The circle may also be subdivided and the subdivisions marked 
with various tints. 
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Pie graphs are used when the data are not sufficient to prepare 
map or when the distribution is strongly localized, e.g., on a map showing 
power or production of Petroleum. ^ ^ .,/! t . C 
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Note. —Data for preparing Statistical and Distributional 
nad from the following ;— 

Geographical Statistics by S. j. Elliott T, S. Goadby. 

The Indian Year Book. 


maps may be 







I^iS“s"atiScs o^°tfe Punjab (The Board of Economic Inquiry). 

The Crop and Season Report of the Punjab. 
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EXERCISES 

1. (a) Describe carefully the data you would require for the construction of agricul- 

aroLcuts^and’’illustrate the methods you would adopt to construct * map of the 

“• -r ‘c o<.... ....sTo*. pS,». 

E.pi.1. b.. J"" "»""i “»“< J,t‘S.t,. mj) 

5 You are required to prepare an agricultural survey of Lahore. Explain how you 

would collect and use your data giving specimen maps and ^ guppi. 1937) 

6 What do you understand by the 'Dot System' employed in the preparation of 
distribution maps ? What is the advantage ? Where does 
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8. Draw a map of India and on it show the trade of the following ports according to the 
data given : 

1934-35 (crorcs of rupees) 


Ports 

Total value of Trade 

Value of Imports 

Value of Exports 

Calcutta 

1* 

90-62 

1 

1 

35*32 

1 

55*30 

Bombay 

86-54 

53*66 

32*88 

Karachi 

31*66 

15*24 

16*42 

Madras 

20-74 

/ 

12*04 

1 \. 

8*70 
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CHAPTER VI 



FIELD WORK 

35. The term surveying includes the methods of making measurements in 
the field from which maps are prepared ; in other words it is the science of ascer¬ 
taining the boundaries and superficial extent of any portion of the earth’s surface. 

Suppose you are asked to draw a map of a playing field. You will first 
view the field as a whole, draw a skeleton of the whole field and then measure 
its sides and included angles. The most important principle in all surveying is 
to work from the whole to the part. ** 

36. Measuring of Distance by the Amateur. The most important 
operation in surveying is the measuring of distance over the ground. An amateur 
will find the following methods quite suitable :— 

(1) Pacing .—Our natural walking pace upon level ground, provided we are 
not carrying a weight is ordinarily uniform. A little practice to pace uncon¬ 
sciously will illustrate this. The value of the pace can be estimated by pacing a 
measured distance say 300 yards, two or three times. 

(2) Revolutions of a wheel ~-T\c a piece of white tape to the front wheel 

of the bicycle. Count the revolutions of the wheel in running over a distance. 

This method is only suitable for long distances and provided you cycle straight. 

The circumference of the wheel may be measured by (l) trial of one revolution 

on the ground, and (2) from the formula : circumference = 27rr where r = radius 
of the wheel. 

(Z) Time and Rate—Vox long distances, e.g., route marching, touring, 
exploration, etc., the distance from one point to another may be ascertained from 
the time taken. 

37. Surveying by Chain. ^^When the area to be surveyed is small, e.g., a 
playground, this can be done by a chain, a measuring tape and a few arrows. 

Gunter's Chain, This chain is 22 yards long (the length of a cricket pitch) 
and is divided into 100 links. The two end links are provided with handles and 
each tenth link is marked by a brass tab. 

This unit of length is convenient for land surveying because 10 chains make 
one furlong and because 

1 square chain = 484 square yards 

^ 1 

10 
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Gunter’s chain is sometimes known as the Short chain. A chain of 100 ft. 

length is known as the 
Long chain. The short 
chain is used for the 
purpose of finding areas ; 
the long chain is prefer¬ 
able for measuring dis¬ 
tances when no areas 
are required. 

Every chain is provided 
with ten arrows, made of 

iron or steel and pointed ' ■ rr si " 

at the bottom. Fig- 19. » 

The Tape. The measuring tape is marked in feet and inches ; hence if used 
in conjunction with the .chain, the readings must be converted to yards, or 



vice versa. 

The Field Book. This is a note-book for placing the records. It has two 
parallel lines, about i inch apart down the centre. These two lines form the 
main chain column to the line traversed or walked along by the surveyor. 


38. Method of Surveying. Suppose we wish to survey an irregular field 

^ ABCD (see Fig. 20). Draw in a rough 

note-book an outline of the plan and letter 
the corners. Now measure diagonally 
across the field from one corner to another. 
In order to do this fix two ranging poles, 
one at the beginning and the other at the 
end of the line (f.e., at A and D). The 
two ends of the chain are held by the 
‘leader’ and the ‘follower.’ The follower 
stands at A, and the leader walks in the 
direction of D carrying the arrows. As 
soon as the chain is taut, the leader faces 
the follower, who then gives him hand- 
signs which way to go, sighting him with 
the extreme pole at D. 

Fig. 20. When the chain is fully extended, the 

leader fixes the first arrow in the ground, and advances pulling the chain. He 
is followed by the follower, and the same routine is followed until the whole 
distance is stepped. The follower then counts the arrows and the overlap (if 
any) of the chain at the last ranging pole. 

39. Offsets. At intervals, perpendicular distances are measured to the 
fences or corners or other boundaries which are to be fixed. These secondary 
measurements are known as offsets. These may be measured by a tape, which is 
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laid on the ground and stretched tight. The direction of the tape is altered till it 
is nerpendicular to the chain. In more accurate working the cro.. .t.H is used to 
«rurp readings to objects being taken at right angles to the mam chain line. A 
rheln design may be made by taking a tripod stand with a revolving wooden top. 

kle two lines on the top cutting each other at right angles; insert vertically 

nnright iiins at the two extremities of each line. Move the wooden top over the 
Xin until two of the pins are aligned to A and D, and the remaining two simul¬ 
taneously on to B. This gives the position of F. The positions G and H are 
similarly obtained, and the offsets measured. 

The results are recorded in the field-book as follows : 

To D 

855 

To C 330 690 

540 420 to E 

To B 275 90 

From A ' 

The distances are entered in links ; the central column is kept for measure¬ 
ments from the starting point and 
the side column for the lengths of 
offsets on each side of the line. 

Sloping Ground. In the 
case of sloping ground the hori¬ 
zontal distance is required. This 
can be found by chaining insteps* 
The leader holds one end of the 
chain against a vertical rod at 
Fij-.such a height that when stretched 
tight with the other end on the ground, it appears to be horizontal. 

40. Showing North Point. The direction of North and South points 
must be shown on the map. Set up the compass and lay out on the ground and 
draw a line which runs due north and south by compass; survey this lineaspartof 

the survey. 

41. Plan of a field where a building obstructs the drawing of the • 
diagonal. In this case three tie lines, just clearing the corners of the building, 
can be drawn and measured as before. The angle will be automatically fixed as 
shown in Fig. 22. 
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d? Plane-Tabling The Plane-table in its simplest form consists of a 

<l„wS Jald with a . °e‘« a..achm»> undern.a.h io, duing the .able .o the .ep 



Fig. 22. 

of a tripod. The plane-table is the most valuable means of supplying the detail 
for a topographical survey of a country. 

The tripod stands about 4 feet high ; the legs should be strong and rigid. 
The top board is usually 15" square or 18" X 24". No iron or steel is used in the 

fittings of the tripod or the top. 

Alidade, The Alidade or the Sighting Rule consists of a heavy straight- 

edce at either end of which is mounted a hinged sight. 1 he back-sight has a 
narrow vertical slit in it ; the fore a wider slit, in which is strung a vertical wire. 
The line of sight is parallel to the side of the straight-edge. The alidade is not 

attached to the board but simply rests on it. 

Box-comPass. The Box-compass consists of a magnetic needle about 3" 
long fitted into a metal trough, and the whole is closed in a case of wood having 

truly parallel sides. 

Method of using the plane-table. Mount a sheet of drawing paper several 
inches larger than the table on the top ; this can be done by damping the paper 
and drying it on the board in a stretched condition. It is fixed by pasting the 
overlap on the underside of the board. Very small flat-headed drawing pins of 

brass may be used if necessary. 

The plane-tabler must also provide himself with field glasses, scales, rubber, 
penknife, and two pencils—one a 2H for drawing lines, the other H for drawing 

in the details. 
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Choose two stations A and R. Measure the distance 
serve as the base line. Scale it on the drawing before fi 
tion that the map will fit in well. 


AB ; this line will 
xing it in such a posi- 



Fig. 23. 


I ^ e.xactly over the station on the ground. Place the alidade 

p.p,, Kf.r.hf's; 

TZ'ii iL‘‘i iz r'.',,'".™,"'. i° '*”■ "" 

estimated position of the points sighted. enough to pass through the 

poinifS' 'b” s* °i “bk'”; ‘""V" 

epdsrf the base ime , tl,e„ poi„„ called .alecsScd 

can be checked by occunvinir nn^ nf • ♦ j potnts, i he survey 

and B. A position must be fixed by the intersect7on of 1^7'" A 

exactly confirmed by a third ray. must be 
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Before vacating any point, sketch in the detail around it. This is ^^^ne by 
eye, aided by short rays down to all important points, the distance to these 

features being measured by a tape. 

43. Triangulation. Surveying depends upon building up of triangles, and 

the accurate method employed to fix these points forming the framework of the 

survey of the country is called Triangulation. The details between these points 
(known as trigonometrical stations or briefly trig, points) may be mapped by 

chain survey. 

A triangle has three sides and three angles ; we know from geometry, that a 
triangle can be completely determined when the following are known 

(1) If the lengths of two sides and the angle between them are known ; this 

forms the basis of traversing. . 

(2) If the lengths of three sides are known ; this is taken advantage ot in 

chain survey. , • • u • r 

(3) If the length of one side, and two angles are known ; this is the basis ot 

triangulation. 

In triangulation the three angles are always measured, as their sum is a 
check on the accuracy of the measure¬ 
ments. 

The great advantage of triangulation 
is that only one distance is measured, 
called the base line^ and it can be done 
on the most suitable part of the area to 
be surveyed. If more than one base can 
be measured at considerable distances 
from each other, the measured length can 
be compared with the calculated length 
to serve as a check on the accuracy of 
the work. The shape of the triangles 
and the size of the angles have an impor¬ 
tant bearing on triangulation. A most 
useful rule is to have the triangles as 
nearly equilateral as possible. 

44. True North. The true North 
may be found by the following methods : 

(l) By means of the Pole Star. 

For Northern Hemisphere : A constella¬ 
tion of seven stars known as ‘the Great 
Bear* or 'Ursa Major’ can be recognized 
by its shape like a soup-ladle. The two 

stars forming the side of the cup, known Pig 24. 

as the pointers^ always point to the bright Pole Star. 
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In the Southern Hemisphere the Southern Cross is used to hnd the direction 
It IS true South when its longest limb is vertical. 



r. 
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{^) Por Norther,, He,nht^hcyc. Hold the watch in a horizontal position 

and turn it until the hour 
/VO/A/// \ hand points to the sun. 

^ i ^ from the centre 

o’clock. 

/[ \ / \ I \ The line bisecting the angle 

/%c [ \ h \ I oia<^e by the hour hand and 

L J [x -g. A 12 o’clock points to South. 

I I y J ill) ForSoutheniHevti- 

W"" sphere. Join the centre to 

^\/ 13 o’clock. Point this line 

'iP/P/?/ lA Bisect the angle 

M formed by this line and the 
i-WZ/y hour hand ; the bisector 

('0 points to North. 
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The compass will give a North line but it will not be true (Geographic) 
North. The compass needle does not point to the true North Pole. Hence we 
have, so to speak, two North Poles, viz., 1, the Geographical (or True) North, 
and 2, the Magnetic North. The Magnetic Noth Pole is not a fixed point 
but is slowly moving its position from year to year. The angle between the 
Magnetic North and the Geographic North is called Magnetic declination or 
variation of the compass. 

If the magnetic variation for a particular place at a particular time is known, 
the true north can be easily found. 

Suppose the magnetic variation isl2^\V. This means that the magnetic 
meridian is 12'^\V of the true Geographical meridian. Draw a line cutting 
the magnetic meridian at an angle of 12° to the East. This line will be the 
Geographical meridian. 


46. Bearings. A true bearing is the angle which a line makes with the true 
North and South line measured from it, in a clockwise direction. A magnetic 
bearing is the angle which a line makes with the magnetic North and South 
line measured from it in a clockwise direction. To convert true bearings into 
magnetic bearings add the magnetic variation ; to convert magnetic bearings 
into true bearings subtract the magnetic variation when the variation is West. 
When the variation is East, interchange the words add and subtract. 

The following formula is useful in remembering the above : 

True bearing ± Magnetic Variation = Magnetic Bearing. 

The + sign to be used when the variation is West and the - sign to be 
used when the variation is East. 

Survey of India, the triangles formed 
great chains North and South, and East and West. The following is an outline 
• description of the method of survey :— 

(1) Study the country and select suitable points for the apices of the 

triangles. Make a rough diagram to show their respective positions. Beacons 

are erected or signals are posted at points to which and from which observations 
can be made. 


(2) Measure the base line, which should be at least one mile long. The 

base tine should be measured with steel tapes either along the carefully levelled 

ground or suspended from trestles. Corrections for temperature, alignment, 

height above sea level, etc. should be made. The base line should be measured 

very accurately, as upon the base depends the accuracy of the whole of the 
subsequent work. 


(3J Ine base is now extended by well-conditioned triangles, and the 
tnangulation of the whole area undertaken. The thecdolite=^ is centred at one 
£ nd of Jh^base_^_the^ngles^to the first points to the base extension are 

instrument for measuring angles^ both in the horizontaraTd“ 
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measured. The instrument is then centred over the other end of the base and 
angles to the same points observed. * ^ 

(4) Further points are then determined and the angles measured as before 
and the process continued till the whole triangulation is complete * 

^ base is then measured. Calculate its length as computed from 

the tnangulation and compare the two as a check on the accuracy of the work. 

EXERCISES 

suitable sc\le a field-book. Draw a plan of the field, choosing any 


to E 130 
to F 180 


To D 
600 
500 
•120 
220 
150 
0 

From A 


ICO to C 

200 to B 

Measurements in Links 


on the plal‘rnVcalcui:l;°I,?dl!?alfce?ro;n" 

sin,ila"r-,rian~" ^ [^se the principle of 

the sutveii’;e^h\"^.^ plane-table (or map making and when yon wonld use 

...us.rahve"Te,rs1h';^?„7ui:r^^^^ irr^'itlaid"^"'^'"'' ^ 

in a cf;efuUriro7t:r-caUu?vey "H777rd";;7fi,rL\77carhicT^^^^^^^ 

.0^E.and^finhe:I’:i^7Z^::^"^^W^""«^‘"^ "’^variation is 

12® ; 50® : 155® ; 345® 

K. and (b) wheVthe^ varikdon magnetic bearings (a) when the variation 

20" ; 45® : 220® : 348®. 

byacLpIssir^^0®^Troma"^ 1°^ 1.200 yards. The bearing given 

bridge is 210®. Find the range from thk tower to thrirridge'''"’ ^ 

10. What is the principle on which maps of large areas of a country are made ? 
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CHAPTER VII 

WEATHER MAPS—I 

Before considering the interpretation of weather maps, it is necessary 
to consider a few important principles and certain terms used in connection with 
weather maps. 

48. Meteorology is that branch of science'which treats of the phenomena 
of the atmosphere as regards weather and climate. 

The term Weather includes a study of natural conditions such as tempera¬ 
ture, sunshine, wind and rain, etc., at any particular place and time. Climate is 
simply average weather. 

49. The Atmosphere. Air is a mixture of gases, chiefly oxygen and 
nitrogen ; carbon dioxide and moisture are also present in varying amounts. The 
pressure of the atmosphere is measured by means of the barometer, and varies 
from time to time in any given place, and from place to place at the same time. 
As we ascend the pressure of the atmosphere decreases. For instance :— 

Pressure at sea-level = 30 in. of mercury. 

„ 900 ft. - 29 „ „ 

„ „ 1,130 ft. = 28 „ 

„ „ 16,000 ft. = 15 „ „ 

Hence we see that heights can be estimated by reading the barometer at 
different altitudes, and applying, what is called the vertical barometric 
gradient^ z.e., the rate at which the atmospheric pressure falls with altitude. 
The barometer falls about one inch for every 900 ft~ one rises ' above sea-leveU 
The barometer altitudes, however, are not reliable. 

Similarly, there is also a falling temperature gradient in the atmosphere as 
we ascend. The rate is P F. for 300 ft. if the air is dry, but it varies very 
much from place to place. It is greatly affected by the amount of water vapour 
in the air up to about 10,000 ft.; above this the gradient is nearly constant up to 
about 7 miles. Higher up there is either no gradient or a very slight reversed 
gradient. This topmost layer is called the stratosphere or isothermal layer. 

Meteorological observations to be of scientific value must be made on a 
uniform plan. Observations^ should be made at fixed hours. The central 
authority for the collection and publication of results of meteorological observa¬ 
tions in India is the Meteorological Office at Poona. Poona is selected as the 
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headquarters, as it is within the Monsoon range and 
close to more important harbours of India’"'. 

I’KESSURK 

50. Fortin’s Barometer. This consists of a long 
glass tube containing mercury and inverted with 
Il^ lower extremity in a reservoir of mercury. The 
>inf,ice of mercury in the reservoir is always kept 
at the same level. Ihe lower part can be raised 
or lowci cd by means of a screw to bring the level 
of mercury in the reservoir just into contact with 
an ivory pm. Ihe divisions on the scale indicate 
how high the top of the mercury column is above 
ll,e point of the ivory pin 'I he instrument is pro¬ 
vided with a vernier to ensure accurate reading. 

51. A Kevv pattern barometer is preferred to 
b'or tin’s barometer for general use, as there is no trouble¬ 
some setting of the surface of mercury in the cistern to 
an ivoiy pointer. Tliere is no adjusting screw at the 
bottom of the cistern ; to allow for the rise and fall of 
the mercury in the cistern, the divisions of the scale 
are tiot all equal. Above the reading corresponding to 
l.fK'O mb. the divisions on the scale are less than the 
true length, and below tins point they are greater. 

It is supported on gimbals fixed well above the 
centre of gravity so that it may always hang vertically. 

52. The Aneroid Barometer. Fortin's barometer 
is not easily portable and is not suitable for explorers 
who travel from place to place. They usually employ 
an Aneroid barometer. It consists of a shallow metal 
box with thin llexible lids. The box is partially 
exhausted of air. .An increase in the pressure of air 
causes the lid to be pushed inwards a little ; but if the 
pressure of air outside the box decreases, the small 
amount of the air in the box will push the lid slightly 
outwards, A lever presses against the lid, which takes 
up the movements of the lid, and communicates them 
to an index which passes over a scale. (See Fig. 28). 

53 .\ Baroiiraph is a self-registering barometer. 

It con>ists of several aneroid barometers cemen- 
_U*<1 ami iirovuleil with a mechanical device 

1 he siiu'etit i> aU\ isfil to \ iMt a Meteorological Obser- 
anil t a working knowledge of the instruments 

[del in til s section. 
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which transmits the movements, and a pointer tracing a line on a revolving 
drum. See Fig. 29. 

54. Graphic Record of Barometer Readings. Study carefully the daily 
Weather Report of India to be obtained from the Meteorological Office, Poona. 

(1) Plot on a squared paper the daily readings of 
any place for a month. In considering the vertical 
scale for the graph, notice that the greatest quantity 
to be shown lies betwhen 28—32 inches and even 
less. Hence it is best to work suitably with a magnified 
vertical scale. This of course will hide the remarkable 
constancy of barometric height. 

(2) Frequency Diagrajus. It is often instructive 
to represent by diagrams the relative frequencies of 
different pressures. Look through the barometer records 
to be treated in this way and pick out the greatest and 
the least numbers that occur. Down the left-hand 
margin of the graph paper write these numbers from 
the highest to the lowest at intervals of 0 1 (e.g., 

Fig. 28. 30*5, 30*4, 30*3, etc....); write the number of times 

along the horizontal. Now read through the barometer returns and score 



Fig. 29. 


opposite the numbers hov/ often each occurs. Join these points by a zig-zag line. 
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55. Isobars. Isobars are lines joining together places of the same pressure 
reduced to sea-level. Isobars do not necessarily follow contour lines. The pressure 
is observed at many meteorological stations and then the isobars are approxi¬ 
mately drawn from the observations after reducing the pressure readings to 
sea-level. These isobars represent the horizontal pressure gradient, i.g., the 
rate at which the pressure varies with distance in any direction at the earth’s 
surface. Just as contour lines indicate differences of level and therefore slopes, 
similarly isobars indicate pressure slopes down which winds tend to blow. The 
line of steepest pressure-slope crosses the isobars at right-angles. It must be 
borne in mind that pressure readings at high altitudes must be reduced to sea- 
level. Say the pressure observed at Dharampore (height 4,406 ft.) is 24*47 in. 
The pressure at sea-ieve! would be 1 inch higher for every 900 ft. of altitude. 
Mence the correction is +4\S9 in. 'I'heiefore the pressure plotted on the man 
would be 24‘474-4*89= 29*36 in. 

56. Barometric Gradient. The horizontal barometric gradient is the rate 
of fall of barometric pressure measured at right angles to two isobars. The unit 
is a fall of l.'lOO inch in 15 nautical miles. 

57. Units. The primary units of length, mass and time are the centimetre, 
gramme, and second respectively. The unit of pressure on this system is the dyne 
per square centimetre. 

If h cm. = height of a column of mercury, 

D = the density of mercury, 
and f* = the acceleration due to gravity, 

then the pressure due to the column h-liDg dynes per sq. cm. 

The pressure due to a column of mercury 76 cm. long 

= 76 X 13*6X981 
= 1,013,200 dynes per sq. cm. 

Or approximately one million dynes per sq. cm. 

This pressure of one million dynes is known as Bar. 

The millibar, the unit employed for practical purposes by meteorologists 
is the thousandth part of the Bar. 

Thus the normal pressure, i.e., 760 mm. of mercury = 1,013‘2 millibars. 

58. Important Terms Connected With Weather Maps;— 

Cyclonei. A Cyclone or depression IS a region of low pressure surrounded 
by zones of higher pressure. The isobars are roughly circular or oval with the 
lowest pressure inside. The weather in a cyclone is very varied. It is otten 
wet and stormy. A cyclone usually moves in the direction of the prevailing winds. 

Anticyclone*. An anticyclone is a high-pressure area surrounded by belts 
o ow pressure. The weather associated with an anticyclone is usually 
quiet. There may be a slight drizzle but rain seldom falls in a well-marked 
anticyclone. The sky is usually clear though it is not essential. There may 
be small clouds in the afternoon which may disappear by evening. 
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Secondary Depression. A secondary depression is a low-pressure system 
contained in a larger one. 

Col. A col is a central region between two high and two low pressure areas. 
It is a region of calm. The conditions are neither cyclonic nor anticyclonic. 

The Wedge. A wedge is a region of high pressure where the isobars take 
the form of an inverted V. It is usually a region of fine weather and good 
visibility. 

WTN’l) 

59. Wind. Most of the obser\ atio'is of wind with which meteorologists 
have to deal are estimates of its force made on what is known as the Beaufort 
Scale, which is reproduced below. 

60. The Beaufort Scale of Wind Force : 


U u 
O ^ 

51 

V 9 

CQ2 


Beaufort’s General 
Description of 
Wind. 


Specification for use on Land, based on cbserva 
tions made at Land Stations. 


Mean 
Velocity 
Miles 
per hour. 


0 I Calm 


1 Light air 

2 Light breeze 

3 Gentle breeze 


4 Moderate breeze 


5 Fresh breeze 


6 Strong breeze 


7 Moderate gale 

8 Fresh Gale 

9 Strong gale 

10 Whole gale 

11 Storm 


12 Hurricane 


Calm : smoke rises vertically 

Direction of wind shown by smoke drift 

/ 

Wind felt on face ; leaves rustle 

Leaves and small twigs in constant motion; wind 

extends light flag 

• • • 

Raises dust and loose paper; small branches are 
moved 

• • • 

""’rJL on inland waters*®'“ ^ 

• • • 

''7eleg'’rrph wL^ in 

• • • 

Breaks twigs off trees; generally impedes progress ... 

'"a t* 

I • • • 

Seldom experienced inland ; trees uprooted 
'""vidts^ad&g?'^ ^ accompanted by 


Above 75 
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The Beaufort Wind Scale (l936) 


NUMBER 

WIND 

NOTATION 

0. 

Calm 

© 

1- 

Light air 

\ j 

2. 

Light breeze 

\ ^ 

3. 

Gentle breeze 

^ 

4. 

Moderate breeze 

\s 

5. 

Fresh breeze 

^ 

6. 

Strong breeze 

^ 

7. 

Moderate gale 


8. 

Fresh gale 


9. 

Strong gale 


10. 

Whole gale 


11. 

Storm 


12 . 

Hurricane 



I'iR. 30. 



In Indian Daily Weather Report a different scale of Wind force is used 
which is always appended to the map. ^ i - 
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Beaufort Notation 


b blue sky (not more than quarter covered), 
be sky partly cloudy (one-half covered), 
c generally cloudy (three-quarters covered), 

o overcast sky. d drizzle, 

f fog. h hail, 

KQ line squall 1 lightning, 

m mist. p passing showers. 


q squalls. r rain, 

rs sleet, i.r., rain and snow, 
s snow. t thunder. 

V unusual v isibility, 

w dew. X hoar frost, 

y dry air : humidity less than 60 per cent. 

7 . du^t ha le : the turbid atmosphere of dry 
weather. 


61. Weather Symbols: 


Clear sky 

O 

Sky 4 clouded 

O 

Sky i clouded 

0 Sky 3/4 clouded 


Overcast sky 

O 

Rain falling 

• 

Snow 

★ 

Sleet 


Fog 

s 

Hail 


Thunder 

T 

Mist 

s* 

Lightning 


Thunderstorm 



Sea Disturbance 

Rough. 
»cccoo0: High. 


Fig. 31. 

Capital letters indicate mteosity, suffixj, indicates slight and repetition of letters indicates 
continuity, thus :— 

R=heavy rain, rr = continuous moderate rain, r^ra = continuous slight rain. 

Barometer'-lsobsiTS are drawn for intervals of two millibars. 

Wind direction is shown by arrows flying with the wind. 

Force on the scale O—12 (as above) is indicated by the number of feathers. 

Mean velocity is shown in miles per hour by figures in small circles. 

Temperature is given in ®F. 

62. Anemometer. This is a simple instrument for measuring the force of 
wind. In Robinson’s cup anemometer, the 
wind causes the spin of a suitably poised vane, 
like a windmill spinning in a horizontal plane. 

The wind speed is measured by counting the 
number of rotations in a given time. The 
record gives the run of the wind in a fixed 
time, say an hour. This instrument is not 
suited for rapid fluctuations of wind. 

A more useful record is given by the 
more modern Dine’s pressure-tube anemometer 
which has at many places displaced the cup 
anemometer. In Dine's Anemometer advantage 
is taken of the fact that the air in blowing 
over the obstacle produces small differences of pressure on various sides of the 
obstacle, which are capable of exact measurement, and afford information of the 
velocity of the wind. The “head” consists of a piece of tube open at one end 
which end is kept facing the wind by a vane. The wind blowing into the tube 



A?;, /^7 


I-,'. 


/ /. , ‘T , 
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produces an excess of pressure within it. There is also a piece of tube placed 
vertically, pierced by a rinf» of small holes. The wind blowing on these holes 
produces a slight decrease of pressure inside. These differences of pressure are 
communicated by tubing to the place where the recording of the instrument is placed. 

63. Exploration of the upper Air. The systematic exploration of the 
upper air is carried out with kites and balloons. Small indiarubber balloons are 
tilled with hydrogen and allowed to drift with the wind. They are watched through 
the telescope of a theodolite until they either burst or are lost to view. The 
a/imuth and elevation of the theodolite are noted at short intervals. 

'! EMIM-RATTRE 

64. Temperature. I'rom the sun there emanates in every direction what 
is called radiant energy;, only a small portion of this energy is intercepted by the 
earth and manifests itself, in heat, light or as the cause of certain chemical and 
electrical effects. Air, water and the crust of the earlli behave ditferently towards 
^(jlar radiation or as it is called iii'iolation. W’lien matter is heated it expands; 
in the case of nir and water, this leads to convection currents. The earth 
represents two kinds of surlace to solar radiation :— 

(/) The rock, which heats up readily, and 

[ii) Water, which heats up slowly. 

The air is scarcely heated directly as air allows practically all the solar rays 
to pass through it unabsorbed. 

Experiment. Take two thermometers. Place one in the sun and hold ilie other in your 
hand and move it to and fro. The temperature of the former will be higher than that of the latter. 

The lowest layer of the air in contact witli the earth is warmed by contact 
with the earth’s surface. 

The cause of the varying temperature throughout the year is the alteration 
of the altitude of the sun, brought about by the inclination of the earth’s axis to 

the plane of the ecliptic. 'The distance from the earth to the sun has very little 
to do with the matter. 


65 Temperature of the Air. The temperature of the air is ascertained 
from the reading of a mercury thermometer. The thermometer must give the 
temperature of tlie air surrounding it, and must not be exposed to direct sunshine, 
rhe thermometers are placed in a screen or box with louvred sides made of wood 
and painted wliite. Sec I'ig. d3. In certain Meteorological Observatories in India 
the ti einu)meler> are pl.aved in huts to secure more ample ventilation. 

1 eniI'(‘raiuies of tlie uppe r air are mea^^ured by selt-registeiing balloons, i.c., 
unmanned balloons to which It-registei ing instruments are attached. 

66. iVIaximum and Nlinimuni Tbormometers. At obser\ ing stations in 
ciilleient places the tempeiaturc recorded by a tlierinomeler is read two or three 
linu's every day. In most ( b^ervatorics, liowcxer, two special thermcmeters are 
used, fine ot which recoi ds tlie iowe'-t tcir; ciature during the day and night (known 
as the niinifiniii! fhennometer), and the other which records the highest 


WEATHER MAPS 


49 


temperature during the same period (known as the maximum 
The instrument is set at 8 a. m. daily. 



thermometer). 


Fig. 33. 

The maximum thermometer is filled with mercury and the tube contains an 
iron index. The index is pushed forward to the furthest point reached by the 
mercury and left there when the mercury recedes again since mercury does not 
wet iron. The minimum thermometer is filled with alcohol in which a glass 
index is immersed. The index is pulled to the lowest point reached by the alcohol 
and is left there when the thermometer rises. When the temperature rises 
the alcohol flows past the index but does not move it. Both thermometers are 
mounted on the same board. See T'ig 34. 



Fig. 34. 

67. A Thermograph is.a self-registering thermometer. See Fig. 35. A 
strip composed of two metals with ditlerent coefficients of expansion by heat is fixed 
















































50 


MAP WORK 


at one end and connected at the other to a pencil marking on a drum rotated by 



FiK. 35. 


clock-work. Alterations in temperature cause the pencil to rise or fall, leaving 
a permanent record. 

68. Mean Temperature. The mean temperature is obtained from the 
maximum and minimum temperature, e.g., 

Observations made during the 24 hours ending at S a.m, on May 26th, 1942. 


Station 

Max. temp. 

[ 

Min. temp. 

1 

Mean temp. 

Bombay 

94 

S3 

8S'5 

Calcutta . I 

102 

S3 

92*5 

Delhi 

106 

69 

87-5 

Karachi 

89 

S2 

85’5 

Lucknow 

108 

76 

92*0 

Madras . 

103 

i S6 

94*5 

Nagpur . 

in 

89 1 

1000 

I’atna 

101 

S2 ' 

9P5 

Peshawar 

93 

69 

81*5 

Poona 

99 

74 

86*5 

Simla 

71 i 

50 

I 60‘5 

Srinagar . 

6 <. 

49 

' 57-5 
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Mean temperature must be distinguished from average mean temperature. 
If the mean temperatures obtained for a certain day are compared with 
similar results on the corresponding day of other years, a difference is observed. 
Average of the mean temperatures of a given day for a number of years is 
called the average mean temperature for the period of years taken. 

69. Isotherms. An isotherm is a line drawn on a map connecting places of 
the same mean temperature reduced to sea-level. 

70. The Annual Ranges of Temperature is the difference between the 
mean temperatures of the hottest and coolest months of the year. 

EXERCISES 

1. Represent graphically the maximum and minimum temperatures at any particular 
places for a given month. Plot the dates along the abscissa and the temperature as ordinates. 
The data can be obtained from the records of Meteorological Office. Mark the maximum 
temperature by a continuous line and the minimum by a dotted line. 

2. Draw a graph of the mean temperature in Ex. 1 and mark it red. 

3. Tabulate the mean average temperature for any month (say July) against various 
stations at which observations are made in India. Draw an outline map of India and mark the 
places with temperatures reduced to sea-level. Draw lines to represent the isotherms. 

• B .—When observation is made at a high station, a reduction should be made to sea- 
level as explained on page 41. 

4. What is an Isobar ? Draw various isobaric shapes studied by you in relation to 

Weather Chart. {Punjab Univ„ Inter., 1937) 

5. Draw a map of India ? Show a winter cyclone with its centre at Lahore Number 
the isobars and show'wind direction by means of signs used on Weather Charts. Briefly describe 

the weather associated with such a cyclone. {Punjab Univ., Inter., 1937) 

• 

6 . What is an isotherm ? How is it drawn ? Bring out the principles on which an 
isothermic map is drawn with special reference to weather maps of India. 

{Punjab Univ., Inter., 1938) 
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71. Clouds. The study of clouds is a most fascinating one. It appeals 
equally to the artist and the scientist. Clouds are full of meaning for the army 
airman. The study of clouds includes the following :— 

(z) Their form and type ; simple outline and open shading will fully suffice 
in depicting them. 

(z7) A knowledge of their altitudes. 

(z’zzJ Their weather meaning. 

(zv) The direction froni which the cloud comes. 

72. Classification. There are three principal types of clouds:— 

(а) Cirrus type, of fibrous or feathery appearance. 

(б) Cumulus type, having rounded tops 

(c) Stratus type arranged in horizontal layers or sheets. 

The intermediate types* are indicated by combining the names of these primary types 
These sub-types are classified into the following gioups according to their average altitudes : — 

(() Upper Clouds (altitude 30,000 feet). 

1. Cirrus. Light, fleecy, feather-like and fibrous stretching right across the sky. 
Composed of ice crystals. Often forecasts an advancing cyclone. (Abbrevation Ci.) 

2. Ctrro stratus. A thin whitish sheet of cloud often covering the sky. (Abb. Ci-St.) 

(/■|) Intermediate Clouds (altitude between 10,000—23,000 ft.) 

3. Cirro-cumulus. —Small globular masses in groups or line. They cast no shadows. 
Indicate fine weather and are composed of ice crystals. (Abb. Ci-Cu.) 

4. Alto cumulus.--Groups of large globular masses of white or grey clouds near the 
centre. Their edges appear confused. (Abb. A-Cu ) 

5. A/^o-s^r<zrMS.—A thick sheet of a grey or bluish colour sometimes forming a compact 
mass of dark grey colour (Abb A-St.) 

(mi) Lower Clouds. (Altitude 6,500 feet). 

6 . S/ra^o-ciM/Mi/KS. —Large globular rolls of dark clouds, frequently, extending right 
over the whole sky. especially in winter. (Abb. St-Cu.) 

7. Nimhus.^Thc "rain cloud." A thick layer of dark clouds, with rugged edges from 
which steady rain or snow is usually falling. (Abb. Nb.) 

(iv) Clouds of Diurnal Ascending Currents. (Altitude 4,500 to 6,000 feet.) 

8 . Cumulus. —"Woolpack” clouds Thick clouds of which the upper surface is dome* 
shaped and the base is horizontal. (Abb Cu.) 

0 . Cumulo fiimhus. —The "storm" or "thunder clouds." Heavy masses of clouds 
rising in the form of mountains or turrets. Uain, snow or hail are precipitated from the base. 
(Abb Cu-Nb) 

fv) High Fogs. (Altitude below 3.300 ft ) ___ 

*May be omitted by 1 ntermedi.'ite students of the Punjab I’niversitv. 
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10. Stratus.—'Low, dense, heavy clouds in horizontal sheets or layers of lifted fo<^ 
formed by condensation. Seen at sunset and early morning and usually a 6ne*weaiher cloud,' 
indicating quiet settled conditions. Sometimes the cloud forms a gloomy canopy over the whole 
sky or descend_s as a frog, requiring a wind to lift it. (Abb. St.) 

To indicate that a cloud is broken, the qualification f>'acto may be applied to these terms 
thus fracto-cumulus. The Frontispiece gives illustrations of various cloud forms, with their names. 

73. Sunshine Recorder. This consists of a sphere of crown glass 4 inches in 
diameter and 3 lb. in weight, support¬ 
ed on a pedestal in a metal zodiacal 
frame. It must be fixed in such a 
position that the sun can shine on it 
the whole of the time it is above the 
horizon. A prepared card is inserted 
in the groove behind the ball. The 
sun when shining burns away or 
chars the surface at the points on 
which its image falls. The card is 
removed after sunset and a new one 
inserted. 

74. Rainfall. Tlie amount of 
the rainfall of a place is measured in 
terms of the depth in inches to which 
the land would be covered if no rain 

sank in the ground and if none ran Fig. 36. 

off or was lost by evaporation. 

75. The Rain-gauge. The rain-gauge is a simple instrument for measur¬ 
ing the amount of rainfall. 

Take a glass funnel and a cylinder of exactly the same diameter. Fit the 
funnel in the cylinder ; this will form a rough gauge. Take a small flat bottomed 
cylinder and paste a vertical strip of paper AB on it. Pour water in the large 
cylinder till its depth is just 1 inch (measured by the ruler held vertically inside 
the cylinder). Transfer this water to the narrow cylinder. Draw a line on AB 
at the surface of the water and mark it 1 in. Sub-divide this height into tenths. 
Note that the graduated cylinder can only be used for the particular gauge for 
which it is made. 

The student can make a simple rain-gauge for himself from a jam-jar and a 
small cylinder. If the funnel is of greater diameter than the jar, the above 
method will not do. The height in this case must be found by calculation. 

Let A, R, D be the area, radius and diameter of the funnel, and a, r, the 
area, radius and diameter of the cylinder, and let h be the height of water in the 
cylinder. 

Volume of water in large cylinder or jar== Volume of water in small cylinder 

1 inXA=/zXa^ 
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Thus 


n 


gives the number of inches that the 1 inch mark must be drawn 


above the bottom of the cylinder. 





Fig- 37. 


76, Plotting of Rainfall Statistics. When the rainfall is measured daily, 
we often find an abrupt change from day to day. It is generally represented by 
shaded rectangles, the heights of which stand for the amount of rain (Fig. 38). 

Rainfall graphs may be plotted on the same principle as the graphs for 
pressure and temperature, except that the points are joined by straight lines and 
not by smooth curves. 1 his is because temperature and pressure are continuous, 
while rainfall is a discontinuous phenomenon. 

Rainfall and temperature graphs should be plotted on separate diagrams. 

If the rainfalls for all the days of a month are added together, we obtain the 
}no}ithly rainfall of a place; similarly the atiuttal rainfall for the whole year. 
If we take the average of the rainfall for corresponding months of a number of 
years, we obtain the mean rainfall for that period of time. 
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77. Rainfall Maps. Rainfall maps are usually provided with a table of th( 
style of shading to indicate the varying amounts of rainfall. 
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78. Moisture in the Air. Water vapour is always present in the 
atmosphere in variable amounts. Evaporation is continuously going on from 
every surface of water even when the weather is cold ; otherwise the dhobi would 
not be able to get his washing dried outside in the air. 

The rate of evaporation depends upon [a) the temper¬ 
ature of the air, and (6) the amount of water vapour 
already present in the air. 

When a certain space has taken up all the vapour 
it can, it is said to be saturated. If the temperature 
of the space rises, it can take up more water vapour and 
thwshecome unsaturated. If the temperature falls, the 
amount of water vapour that the space can hold 
decreases ; if the space is saturated, some of the vapour 
will condense. The temperature at which condensation 
of water vapour to liquid water takes place is called the 
dew point. 

79. Wet and Dry Bulb Thermometers. Take 
two thermometers precisely alike and fix them side by side 
on a board. Cover the bulb of one with muslin or a 
piece of cloth, the outer end of which is dipping in a 
small beaker, or a tin can containing water. The tem¬ 
perature of the wet bulb thermometer will always be 
lower than that of the other when evaporation is going 
on from its surface. Take the readings of the two 
thermometers. Find by subtraction the difi'erence in 
temperature between them. This difi'erence determines 
the saturated or unsaturated state of the atmosphere. 
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Care should be taken to keep the beaker filled with distilled water. The 
muslin should be changed once a month. In damp weather the dry bulb thermo¬ 
meter should be wiped a few minutes before observation. 

80. Meteorological Records. The student is now in a position to keep 
a monthly record of meteorological observations which should be arranged in 


columns as shown below :— 

Place . 

Month . 19 . 

Height above sca’level . .feet. 


Place . 

Month . 19 . 

Height above sca’level . .feet. 


Date. 

Barometer 

Beading. 

Wind. 

1 

Hainfall 
in inches. 

1 

1 

Type of 
clouds, if any. 

Tmekmometer. 

Max. 

Min. 

Wet. 

Drv. 

1 



1 

1 

i 

1 

1 

' 1 

1 

1 

1 

t 

1 

1 


1 


81. The Indian Daily Weather Report. The weather map gives a 
succinct summary of the weather conditions over a large area and is based upon 
observations made at a number of stations and collected together at a central office. 
The Indian Daily Weather Report can be obtained from the office of the Director 
Genera! of Observatories at Poona. The weather notations adopted have been 
e.xplained in the preceding sections. Study the following questions 

(1) What system of pressure distribution is shown? Observe if the isobars 
form a cyclone, anticyclone, a col, wedge or a secondary depression, etc. 
and note the weather you would expect at places where such forma¬ 
tions occur. Study the departure of pressure from the normal. 

(2) Where are the strongest winds experienced ? W’hat kind of weather 
is being experienced there ? 

(3) \\ here is rain falling ? and where is the weather fine ? How do you 
account for the presence or absence of rain in these places ? 
labulate the rainfall of a few important stations. 

(4) Kxamine the departure of temperature from the mean. 

(5) Study if the sea is smooth or rough, etc. 

(hi W'hat general inferences may be drawn for the day ? 

(7) Study the weather maps for two or three consecutive days, observe 

how the pressure system moves and prepare a forecast for the 
following day. 
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tn nreoare a graph showing the pressure gradient 
tot ot^;!IcrtoUorr!Lv from Lahore to Madras. 

exercises 

St.c, ..= weauwr n,ap oi tnaia to. t.e toMowIng dates and record ,our observation.- 

January 30th. March IHth May 

A- f->r Tone 1st to 4ili and prepare a forecast for June 5th. 

2. Study the weather map of India for June 1st. to ^tn an p 

Airtf^A in India ’ Illustrate by a diagram or a chart. 

3. How are storms predicted in India . nressure and the direction 

oi tbt- ‘ m what dlrecon do 

:a7.r:how what iniormation can he der.ved iron, it : 

((,) what data would be reciuired tor us preparauon. 

' ^ the weather conditions associated witn 

6 Compare any two weather maps showing the Nseatie 

cyclones and anticyclones («) in w.nter (6) tn summer^ 

7. How are weather forecasts made ? ' 

with the forecast isotherms (or January and July ; draw lines of 

e,ualtn^raUa:.!e%?r”a?;ue''^Co^^ oo any points o, special intore..^^^^ 

from,"; c—rra" ""," 0 ^ o'? dMa“ iecersar™ h'’e(ore preparing isothermal 

ro'^IeTonowing is the record ot the monthly disUihu.mn t. temperature and rainfall 

ofaplaceTn lndia. rW"* graphically and locate the place 

Jan, Feb, Mar. Apr May J-e uly Aug. Sept. Och No. De. 

Temp. (F) 75'3 76 f. >9V b4 I bS / 88 85 / ^ ^ 

Rainfall 11 0 3 0 3 0 6 (Punjab Univ., Ifitcr,, Supp. 1932) 

11. Describe exactly how the °’'**^^®^,7ntormatior^^^ ‘Ms map ? 

plotted to form the daily weather map of Ind a. (Piinjoii Inter., 1934) 

12 Draw a map of India and show— r«lrntta 

(a) a Ray cyclone (July) 

(M Number of isobars, wind directions, ana pro , lutcr-. 1935) 

. I I'nv.- it nrepared ? What information is to be had 

\3. What is a weather chart? how is '',<>36 & S„pp. 1937) 

ir'c7; the principal features ot the Indian Daily Wea.ber Report .0 show your 
familianty with it. Where is it published and how ,s the ‘'“‘a «ll«‘_ed 



CHAPTER IX 

MAP PROJECTIONS—I 

82. Introductory. There are many surfaces which are not plane but 
they can be unrolled or “developed” into plane surfaces without stretching in any 
direction provided they are made of thin material, e.g., paper or thin metal sheet. 
For instance, a cylindrical tube, if cut from end to end, can be laid out flat to 
form a plane surface. A cone is another surface which can be developed by 
cutting from its point to its base. 

A great majority of curved surfaces cannot be unrolled into planes ; they are 
hnown as “ undevelopable surfaces.” For instance, it is impossible to fit a sheet 
of paper to the surface of a round ball. The sphere, therefore, is undevelopable. 

An ordinary geographic globe (12 in. diameter) represents the reduced earth 
and its shape is very nearly spherical. We cannot lay a sheet of tracing paper 
on a globe to fit it closely everywhere without innumerable folds and creases. 
If the surface of the earth were developable, we would not have had to study 
map projections. As it is, we have to study different methods used for transfer- 
ing the lines of latitude and longitude from the globe to a flat sheet of paper. A 
Map Projection, therefore, is a means of representing the lines of latitude and 
longitude of the globe 6h a'flat ShSet of "pape'rT—Thrmetwofk'sriatitudes and 
longitudes thus formed is called a grdUcuTe. ' -- 

As stated above it is impossible to make a correct map of any portion of the 
globe ; it is, however, possible to maintain certain definite qualities in a 
projection. These are as follows :— 

1. Preservation of area. 

2. Preservation of shape. 

3. Preservation of scale. 

4. Preservation of bearing. 

5. Ease of drawing. 

The student is familar with the following properties of a sphere.— 

1. That every plane section of a sphere is a circle. 

2. That the section through the centre is the largest circle that can be cut 
from a sphere. It is called a great circle ; all other plane sections are called 
small circles, 

3. That the small circles get smaller and smaller as the plane of section 
moves away from the centre of the sphere. 

59 
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83 Classification. X'arious methods of projection may be classified in a 

general form as follows : 

1. Cylindrical Projections 

2. Conical Projections 

3. Zenithal Projections 

4. Conventional and Modified Projections. 

(1) Cylindrical Projections. In these we may imagine a sheet of paper 
rolled into'a tube-form and placed round a globe. 

(2) Conical Projections. A sheet of paper rolled up to form a sirnple cone 
may be placed on a globe of convenient size. 1 he cone could be placed 
n-sitions but the normal case, that gives a useful map, is the one in which the 
apex of Vhe cone lies on the axis of the earth produced. 

(3) Zenithal Projections. Imagine a source of light at the centre ^ the 
inhp and a'isume the globe to be transparent. Place a sheet of paper at the North 

Pole It will be found that the meridians are projected as straight lines and the 

narallels as circles. The paper may be made to touch the globe at any other 

no n W in all cases the features of the circle will be projected as shadows. 
Projectmns r::af in thl way are called Zenithal or Azimuthal Projections. 

(4) Conventional Projections include some greatly modified projections. These 
vary considerably in construction and appearance but are very widely used. 

84 Latitude and Longitude. All places on the Earth’s surface are defined 
bv parallels and meridians, hence a map cannot be drawn unless these are first 
pitted Latitude is defined as the angular distance north or south of the 
Equator. A parallel of latitude is an imaginary line drawn round the Earth 
Slel to the Equator and at a constant angular distance from . Only one 
line of latitude, i.e., the Equator, is a great circle ; all others are small circles. 

A meridian of longitude, is a line passing entirely round the sphere and 

througli the poles. All meridians are great circles. 

Parallels and meridians intersect at right angles on the globe. 

85. Scale. It is necessary to consider the scale in the construction of 
projections. Assume the earth to be a perfect sphere. ^ 

The radius of the earth-3960 miles 

= 3960X 1760X3X 12 inches 

= 250.905,600 inches 


Let us take this to be approximately 

= 250,000,000 inches. 

A globe of 1" radius is 1/250,000,000th of the size of the earth. Hence 
for a projection on a scale= l/250i\I we will take the radius= 1 inch and diameter 

= 2 inches. 


MAP PROJECTIONS 


61 


We may similarly 
On a scale of 1 : 


calculate that— 
125,000,000, the radius of 
100 , 000,000 
10,000,000 
1,000,000 


the globe- 2 inches. 
>> n ~ 2 5 in. 

»» j» 25 in. 

“250in» 


CYLINDRICAL PROJECTIONS 

86. In cylindrical projections we assume that the globe is surrounded by a 

cylinder which just touches it around tlie Equ itor or along any other great circle 
These projections are very common in atlases. The parallels and meridians 
are first transferred from the sphere to the cylinder and then the surface of the 
cylinder is developed so that it becomes a flat sheet of paper. The lines can be 
transferred in several ways to be described presently, each under its proper name. 

There are certain features which are common to all these projections 

• the globe along the Equator or along any great 

circle therefore the Equator or the particular great circle could be traced tLough 

When fhP'' parallel to the top and bottom' 

aS; E.'iTor •• »" “ ‘k' 


We thus conclude that— 

The meridians will be a series of 
parallel straight lines at right angles 
to the Equator and the parcels will 
be a series of straight lines parallel 
to the Equator. 

87. The Simple Cylindrical 
Projection. In this, the principle 
adopted is that the distances from 
parallel to parallel should be the same 
on the map as they are on the reduced 
earth or globe. The parallels are 
drawn at their true distance apart 
so that the graticule becomes a series 
of squares. 

Construction of the Graticule. Find 
the length of a meridian according to the 
required scale. Divide it truly. Draw the 
Equator at right angles to the meridian 
and equal to twice its length. Draw parallels 
^^^parallel to the Equator and meridians as 
J straight lines perpendicular to the Equator 
spaced at equal intervals. 
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This projection is of very little use; it is neither equal-area nor orthomorphic. 
Its serious defect is that the poles are made of the same size as the Equator. 

88. The Cylindrical Equal-Area Projection. For this projection the 

meridians and parallels are 
straight lines and perpendi¬ 
cular to one another, but 
the area between any two 
parallels is made equal to 
the corresponding area on 
the globe. The Equator is 
made its true length to scale, 
and is divided as in the 
simple cylindrical projection. 
The Poles are again the 
same length as the Equator. 

Construction of the Graticule. 
Draw to scale a circle to represent 
the globe, and with a protractor 
Fig. 42. lay off angles at the required 

intervals of latitude. Then through the points A, B, C.N, draw lines parallel to the 

Kquator These are the parallels of latitude,. The meridians are spaced at equal distances 
along the Equator. 

As the area of a zone of the sphere is equal to that of the zone of the 
cylinder of the same height, the areas of the zone on the map are equal to those 
of the corresponding zones on the sphere. The projection is, therefore, truly 
equal-area, and in order to preserve the area, the shape is greatly distorted, 
the compression in a north and south direction being balanced by an exaggeration 
in an east and west direction. 

It is not a very useful projection and is sometimes used for World maps to 
show distributions only. 

t 

89. Mercator’s Projection (or the Cylindrical Orthomorphic Projec¬ 
tion). This is the best known of all projections. It is used for navigation purposes 
and also in nearly all atlases for maps of the world. Its chief .de fect is the 
misleading appearance of the polar areas. A cylindrical projection is orthomor^ic 
when it has the same scale in two directions at right angles at all latitudes. We 
must, therefore, enlarge the scale along the meridian at each point in the same 
ratio as it is enlarged along the parallel. 

In Fig. 43 (i) let us suppose the side of the square is equal to two inches. 
Its area = 4 sq. inches Point C is due north-east of A. * 



But if one of the sides is doubled and the other side halved as shown in 
Fig, 43 (ii), where AD is doubled and AB is halved, the area of this rectangle 
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remains the same as that of th^ ^ . 

no longer north-east of A. Quare, t,c., 4 sq. inches but point 

l\ fi 
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IS 




\ 








If however, both the sides are doubled, we get a square as shown in p- . , 

(...), whose area ,s four times the area of the original square 
but point C IS again due north-east of A. ® square, t.e., 16 sq. inches. 

The parallel of 60^ is nearly half the circumfernre nf ti,= p . 

instance, if the latitude scale at 60“ is doubled, we must douMe^the me 

scale also : a square of 1 mile side will at latitude 60“ appear to be a^ square^'of 
2 miles side, with an apparent area of 4 sq. miles Hence its chief 
the scales are correct only near the Eouator in ei^!c !i p ^ 

ss x ?• S'l. sr .,£i r£r S"™- - ‘ 

cros^ng meridians has a constant bearing as the meridians all nm f ^ 

approximate to the great circle course 

Si s?, :r"“ - 

correctly spaced. ra naiaos. which are equidistant vertical straight lines 


/ 




4, ^ L- 
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c - 
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Fig. 44. 








map projections 

The pa rallel s are drawn with the help of the following table 
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Latitude 


Distance of parallel from 
the Equator in terms 
of r (radius of the 
globe to scale) 


0 

10 ® 

20 ® 

30® 

40® 

50® 

60® 

70® 

80® 

90® 


0-175 K 
0*356 r 
0*549 r 
0 763 r 
1011 r 
1-317 r 
1-735 r 
2*436 r 


Latitude scale in terms 
of the scale at the 
Equator. 


roo 
1 01 
1-06 
115 
1*30 

1- 55 

2 - 00 
2-92 
5-76 


------ I 

parallel wrll be drawn at a distanci ^lachJs from th'"®'® 000,000, the 10° 

L om' ®‘ ® X 2 i^chVfTom^h^E<,uat:r®'’“®'‘’^ ^ J ^V V 

of 10° parallel will be*i"'from'”he®*en®.®'i >0° apart at the equator is 1" the distanre 

1-01 inohes and so on. "" ^ distance between 10° and 20° parallel win be 

Mercator’s projection are 

and in the air. and for showing direction o^winds‘he sea 

" The^iSlf'S is ‘^i-anc'^s^Z - 

sth of the area of u!s.A.**but o^t^s proje^ilst’ k^ ’ 

mately the same size as U S A HpnrJ -f ■ shown to be of approxi- 

cannot be used for distributions'etc. ^ equal-area projection and 

CONICAL PROJECTIONS 

wOnic&l Proipi'^f/Nno T^L • 

tions, several of which are in *r includes a large number of projec- 

suitable for maps of countr^s " =>ass, they are 

great extent in latitude. temperate latitudes which do not have a 

in ‘he ca\ro°?cSStSec"?ro^ns''® ^ are made 

morphic conicals. ’ ’ '”ay be equal-area conicals or ortho- 

■t.along any chTe'n pL^Mrel!°"whert'he"cMe^i^d “7' 

will be of the same length as the pLalL77 ‘he arc of the sector 

Such a parallel is called a S/a„rf.r7 Pari/w! was tangent on the globe. 
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92 The Simple Conical Projection with one Standard Parallel. In 

the simple conic the pole of the cone is vertically above the pole of the globe and 
thus the globe and the cone coincide along a parallel of latitude, which is the 
standard parallel and is divided truly. A central meridian is drawn to represent 
the meridian which actually runs through the centre of the country to be 
mapped. The parallels are spaced along it at their true distance apart, reduc¬ 
tion being made for scale. 

Construction of the Graticule.—Describe a circle AEDF representing the globe on the 
required scale. Choose the standard parallel along the point Q. Draw the Equator AD and 
the polar axis I P. Produce the polar axis EE to P. At (.) draw a tangent meeting FE pro- 
duced in 1'. Make the angle BCA •= 10*. With C as centre and AB as radius describe an arc 
of a circle Join oC. the radius. Draw LN 1 CE. Then LN will give us the divisions on 
the standard parallel, and .\P> wdl give approximate divisions along the central meridian. 



/ 



Pig. 45. 

With I''as centre and Po as radius describe an arc of a circle SMS', which will be 
the standard parallel. Draw any line I^'M as the central meridian. Mark oft on P M (worki^ 
outwards from M) divisions equal to AB, Mark oft along SMS' divisions equaHo LN. Whh r 
as centre and the divisions along PM as radii describe arcs of circles. Join 1* with divisions 

on the standard parallel SMS'. • u * u • 

This approximate method is very nearly accurate. The error lies in assuming that AB is 
a straight line, which matters little in small scales. Any parallel of latitude may be taken as 
the standard parallel provided it is the centrai parallel of the area to be projected. 

This projection is much used for small countries which have no great 
extent in latitude, c.fi., Ireland and Denmark. 

The scale is correct on the standard parallel and along the central meridian# 
The other meridians are radii of a series of concentric circles ; the scale along 
them is also correct, i.c., the distance from P' to the parallel corresponds to the 
distance on the globe. The scale along the other parallels is too great. 
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0/ 

si The chief merit of this projection is that it is a rr.mnr^„s- u . 

orthomorphic projection and an equal-area projection The d^^on'^ 

Its chief defect is that distortion occurs both narfli r 

standard parallel and increases as the distance from the parillel increTses. 

be arrived at as follows : DiviL thrEarOPs surLe into^n^TrL" bdts of'lan”^^^ Projection may 
of a tangent cone to each of them; project upon the mnTnt cone h. 

from the centre. Every parallel belt has its own radius. ^ surface of the globe 

The Polyconic is used in Geological survey sheets. 

“WV ■ A modihcation of the Folyconic is used for the Internatinn^,! 

one million (l/l.OOO.OOO) each sheet of which covers 4 decrees of lantnH^ one to 

tude. The 1/M Survey Sheets of India cover 4 degrees of latitudl InH f ^ 

The advantage of this modification lies in its^small scale^error of longitude. 

each sheet. It is possible to fit together one sheet to another eitheT^' ^ T 

west direction. Nine adjacent sheets may be fitted toget^r w th on"v ”a p' 

Stretching. ® oniy a slight amount of 

exercises 

Cylindrical rqn:i°a[ea’'pr%Sr ^ ^ Conical Projection, (c) a 

bution of ™b^”but\otTaVof%Tea^”^ -Mercator projection be suitable for showing distri- 

Givefeasor?or"yrJrans:er“'‘' ™“'e from England to India ? 

4. Say why you consider the following projections unsuitable ■ 

(c) Mercator for Canada and Siberia : ' 

(6) Simple conic with one standard parallel for South America. 

{a) Explain the relative advantages and disadvantaa^c • » . 

projections a>saa\antages of conical and cylindrical 

(6) Show how Mercator’s projection is helpful to a mariner. 

.. What class of projections are generally used L7T ^7 
ts the principle underlying Mercator’s Proje/tion ? Whara^itfadvamaTes f ' 

^ 7. Draw a net of parallels and n, d’ r W.. 7PJJ) 

Projection for the reduced Earth of two inchet'radiuT Cylindrical Equal-area 

t/o n..«. a / . * Univ., Inter. 1933) 

globe 5 inches in rad°iL, °or\Ta?el exTndi'ng'fmm la°titu^^^^ sTn ^ 
of longitude. Show meridians and parallels 10° apart, [Punjab vlll fntTr^wVL^dllTm 

, Give fts a^vanla'g^raTdtisadvXger ’ -nally employed ? 

^ you^h^e srodTed?°" ^ ‘ sheets of the Survey of India that 

* VvU, ^ t s^C*. I ^ , /'V I3mv, Inter., April 19i1) 


5. 


6 . 


What 


CHAPTER X 


MAP PROjI*:CTIOKS-II 

94. Conventional Projections. We have so far discussed three gener¬ 
alised types of Projections. Apart from these three, there is a large and important 
class that cannot be related to any of them. These may be called Conventional 
Projections. These projections are very widely used although they vary consider¬ 
ably in construction and appearance. 

95. The Globular Projection. This projection is much used in atlases 
for maps of the World in hemispheres, although it has no particular merits. 

Construction of the Graticule Describe a circle to scale to represent one hemisphere. 

Divide the equatorial diameter and the central meridian 
into IS for whatever number may be required) equal parts. 
Set off from the centre anj'les of 10® {or whatever angle may 
be required), and note where these cut the circumference. 
Draw circles through the Toles and the divisions on the 
Equator: these circles will represent the meridians. Draw 
curves through points on the circumference and the corres¬ 
ponding points on the central meridian These curves will 
represent the parallels of latitude. 

96. Mollweide’sor Elliptical Equal-Area 
Projection. Mollweide’s Projection is an ellipse 
in which the major axis (representing the Equator) 
is exactly twice as long as the minor axis (repre¬ 
senting the distance from pole to pole along the 
Fig. 46. central meridian). 

The parallels of latitude are horizontal straight lines though they are not 
spaced at equal distances, the distance between the parallels decreases as the 
Poles are approached. 

The central meridian is a straight line, all other meridians are curved, i.e., 
ellipses: the curve becomes more pronounced towards the margins. Hence 
marginal areas are misrepresented but as a greater portion of the marginal areas 
on this projection shows oceans, this may not be regarded as a serious defect. 

Construction of the Graticule. Construct a circle equal in area to a hemisphere on the 
required scale. \ 

The area of a circle =s7fr'^ \ 

M ,, the hemisphere = 2^/v^ | 

where r and R are the radii of the circle and hemisphere respectively, I 
Equating these two expressions— 

r = \'2 R. 



We get 
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Hence on a scale of 1/250,000,000. R = 1 and r = 1-414 
to form a hemilphe'ricll boT"”' required to raise 

HF = H0 ail? KG = o,r’%h£;“r''. P^duce the equatorial 

tJK. Then describe the ellipse GBNAFS. 
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a circular plate of metal so as 
diameter each way making 



Th u 

the points of division with NS qc • other convenient number) pnimi Equator, 

properties of threH nse w! f These w H Te thi - 

"d"e^^^rigo3r°;'7he"eT Th^^s a'’d"iflcu7t"p1;brem'''‘r^ 

of the globe® be?7een7he same nar^w'^’y'f'*'* 7'° strips havW hT same?‘>"''^“ ^ 

rttei~ ^ 

oTt^/S^pL^^"*”- ^ thTr7dr:r '?b\“Tentr7. ''olX a7T'j|",7,'tru! 


Parallel of 
Latitude 


_ 


10 

20 

30‘ 

40' 

50' 

60 ^ 

70'’ 

80® 

90® 


the circle (.) “' ■" ‘etms of the radius of 

--’ ' ' the Hemisphere (/?) 


I 

I 


0-137 r 
0-272 f‘ 
0*404 r 
0*531 r 
0*651 r 
0-762 r 

0 862 r 
0*945 r 
1*000 r 


0-197 R 
0*384 R 
0-575 R 
0*749 R 
0*921 R 
1*074 R 
1*218 R 
1 337 R 
1*414 R 
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The chief merits of .^^olhveide's projection are as follows ; — 

.9/7/V 



WS 


I'it'. 4:b'. 

1. It is an equal-area projection, i'.c„ all areas on this projection are truly 

represented. Compare, for instance, .-Maska and U.S..\., and Greenland and 

South America on Mercators and Mollwiede’s projections. Hence the projection 

IS much used for showing world-distribution of commodities, density of population 
etc. * 


2. The areas in the centre of the map, c.g., parts of Europe and Africa 
preserve their shape. 

The chief defects of Mollweide’s projection are as follows :_ 

1 . It IS not an Orthomorphic projection, i.c., the shape is distorted. The 
distortion IS greatest along marginal areas, but as these areas are in ocean, the 

marginal distortion is not serious for all practical purposes. 

2. It is not a true bearing projection, hence it cannot be used to show 
ocean currents, winds, routes, etc. 

3. The construction of the net-work is not easy. 


97. The Choice of a Projection. The projection to be selected for any 
map depends upon two factors : — 


1. Ihe extent of the area to be represented, and 

2. The purpose for which the map is mainly required. 

The projection should fulfil both these considerations. 

A few examples will make the matter clear. 

Suppose a map is required to show the chief rice-producing areas of the 

world. We know that the chief rice-producing areas are in tropical and sub¬ 
tropical regions, hence the polar regions may be left out. Secondly we want to 
obtain at a glance an idea of the respective sizes of each area. Hence the. best 
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projection will be the Cylindrical Equal-area, as the distortion of shape within 
30 of the Equator is not too great. ^ viinin 

Consider, again, a map to show the wheat-growine areac nf ... u 

freas* Cylindrical Projection will not do for this purpose as the wheat-growing 
areas are nearly all in temperate latitudes and in both hemispheres Th! cu ® 
of the areas must be maintained as they are large are^s Hlnce Mol?we d 
projection will be best for this purpose. Should, however an enuM^rl^ ? 

a country say the United States, showing 

required, a Conical projection will be suitable for this purpose 

Other things being equal, a cylindrical projection is suitable fnr • , 

regions, a conical for temperate regions, and a zenithal for nnlar .^^^atorial 

help oTihe^fo“ow?ng1ibre”P'“'"'‘‘“”*^ projections can be identified with the 

1. Parallels are straight lines— 

Parallels are close towards the poIes-Mollweide. 

2. Parallels are concentric circles— 

Meridians are radiating straight lines, and 

Parallels are equidistant and are concentric circIes-SimpIe Conic 

EXERCISES 

2. Write short notes on 

3 circle, small circles, loxodrome. 

of Mercator’s aTdMolkveSpro'ieXnl Compare the relative merits and defects 

4. What type of projection would he e ■, ki r (f«d<an Police, Service 1930) 

(c) Chief fisheries of the world. ' 

V fssssasi;?-- 

S K: rf“; „ 

5 r-ee . “ Eastern Hemisphere ? 

. 6. £::::- - -es. 

protect.on .psed for each, givfngre"^^^^^^ and decide which 

Africa, (fi) Canada, (c, u.S./. (d, En?:pe."7rTVe''C?risr'7;r;:d:a-. 
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1/100 000 000^*'^''^*^ Conical graticule with one standard parallel on the scale of 

8. Construct a graticule for a map of the World on Mollweide's projection selectine 

:rdVa?anei: mer.diaL/..ry k 

9. Describe any equal-area projection suitable for the whole Earth and comnare it 

which InrJuha^r^'^ f*’) ^^g^rds purposes for 

iPttnjab Untv., Inter., 1934) 

10 Name the principal adv^antages and defects of any two commonly used map projections 
Describe simply the principle underlying any one of them ^ ^ vjcuuuns. 

(S/. Bede's Training Cert. Exam. 1934) 
11. Name any two projections suitable for the whole earth and compare them (a) as 

regards geopraphical purposes for which each may 

(Punjab Univ, Inter., 1933) 

cqual-arca projection for 

■world maps, bringing out the advantages and disadvantages of each for geographical purposes. 

[Punjab Univ., Inter., April 1939) 


13. _ What projections would you select for drawing maps of 




(fj) the lands round the Arctic Ocean, 

• ib) Africa showing equal-area, 

(c) The prevailing winds and ocean currents of the Atlantic Ocean ? 

(.ive reasons for your choice in each case. (Punjab Univ., Inter.. Sept,. 1939) 


APPENDIX 

APPARATUS 


The following apparatus will be found necessary 
described in this book :— 


for the practical 


work 


[a) For Field Work 

Gunter’s chain ‘ N 

Arrows 


Plane Table 
Box compass 
Alidade 
Spirit level 
Measuring Tape 
Plumb-rbob and fork 
Poles and Flags 

Prismatic compass 

Clinometer 

Theodolite 


(^) ^leteorolo^ical ciPParatus 

Aneroid Barometer 
Fortin’s Barometer 
Barograph 
Thermograph 

Maximum and minimum thermo¬ 
meters 

et and dry bulb thermometer 
Pain gauge 


tor representative,, The Punjab Eeligiou, Book Socilt?, llhor? 

MeSrol'S S,'S.‘!'p“oS' 0„er„. 
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